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ANNUAL  REPORT  OF  THE  BUREAU  OF  PUBLIC  ROADS 

Introduction 

THE  fiscal  year  1957 ^  was  a  year  of  great  beginnings,  as  the  biggest  peacetime 
public  works  program  in  liistory,  set  in  motion  by  the  Federal-Aid  Highway 
Act  of  1956,  got  into  full  stride. 

Expenditures  for  highway  construction  and  rights-of-way  on  all  streets  and 
highways,  by  all  levels  of  government,  were  estimated  at  $4.9  billion  in  the 
calendar  year  1956  and  it  was  anticipated  that  they  would  reach  $5.8  billion  in 
the  calendar  year  1957.  A  forecast  of  motor-vehicle  registrations  indicated  that 
there  would  be  a  total  of  67  million  registered  in  the  calendar  year  1957,  2  percent 
more  than  in  the  previous  year.  Mileage  of  travel  on  main  rural  highways  in- 
creased by  3.4  percent  during  the  fiscal  year. 

Progress  was  good  in  work  on  all  classes  of  highways.  Work  was  begun  on  a 
large  scale  on  the  Interstate  System,  and  expressways  were  being  planned  or 
were  under  construction  on  many  vital  cross-country  routes  and  in  nearly  all 
large  cities.  Other  major  highways  and  streets  in  and  between  cities  were  being 
improved ;  bridges  were  being  built  over  waterways  and  to  separate  crossing 
streams  of  traffic ;  and  the  rapid  improvement  of  secondary  roads  continued. 

The  Bureau  of  Public  Roads  had  set  a  fiscal  year  goal  of  $2,225  billion  in 
Federal  obligations  for  surveys  and  plans,  acquisition  of  rights-of-way,  and 
construction.  At  the  year's  end,  actual  obligations  totaled  $2,223  billion. 
Contracts  were  awarded  during  the  year  for  improvements  to  25,845  miles  of 
highways  and  streets.  Work  was  completed  during  the  year  on  23,979  miles. 
At  the  year's  end,  construction  was  underway  or  scheduled  to  start  soon  on 
29,261  miles  of  improvements. 

The  attention  of  the  public  was  caught  and  concentrated  during  the  year  on 
the  concept  of  the  Interstate  System.  Hearings  were  being  held  across  the  land 
to  consider  the  detailed  locations  of  routes  planned  to  go  through  or  bypass  com- 
munities. Thousands  of  individuals  were  immediately  affected  as  their  property 
was  purchased  for  right-of-way.  Business,  industry,  local  government  officials, 
and  plain  citizens  debated  the  values  of  bypasses  versus  through  routes.  They 
considered  benefits  of  controlled  access  with  respect  to  the  elimination  of  conges- 
tion, the  reduction  in  travel  time,  the  greater  comfort  in  travel,  the  savings  in 
vehicle  operation  costs,  and  the  improvement  of  adjacent  property  values  through 
industrial  and  residential  development.  They  learned  that  modern,  planned 
access  highways  can  cut  the  traffic  death  rate  in  half  and  the  accident  rate  by 
two-thirds,  as  compared  with  ordinary  roads. 

The  State  highway  departments  were  working  closely  with  city  and  county 
officials  and  planning  bodies  to  select  locations  and  develop  the  system  in  the 
best  overall  public  interest. 

Much  was  accomplished  on  the  Interstate  System  during  the  year.  A  total 
of  2,939  miles  of  improvements  was  programed,  estimated  to  cost  $2.4  billion. 
Contracts  were  awarded  for  1,532  miles  of  construction.  But  the  program  was 
launched  only  a  year  ago,  practically  from  a  standing  start.    Much  of  the  work 


1  The  fiscal  year  extended  from  July  1,  1956,  through  June  30,  1957. 


The  Austin  Expressioay,  Austin.  Tex.  This  section,  entering  Austin  from  the 
south  and  proiiding  6  traffic  lanes  plus  2-lane  frontage  roads  on  each  side, 
was  recently  opened  to  traffic.  Designated  as  V.  S.  Route  81.  the  expressivay 
is  a  part  of  the  Interstate  System.  In  the  background  are  the  State  Capitol 
and  the  University  of  Texas  campus.  Construction  of  the  remaining  16- 
block  section  of  the  expressway  is  expected  to  begin  in  1959. 


and  expenditures  of  the  early  years  will  be  in  planning,  engineering,  and 
acquisition  of  rights-of-way.  In  the  fiscal  year  1957,  11  percent  of  the  total 
funds  obligated  for  the  Interstate  System  was  for  preliminary  engineering,  and 
31  percent  for  right-of-way  acquisition.  Interstate  projects  are  large-scale, 
complex  undertakings,  consuming  3  or  4  years'  time  from  conception  to  com- 
pletion. The  public  cannot  nor  should  not  expect  to  ride  t)ver  many  miles  of 
these  magnificent  new  expressways,  which  they  so  eagerly  await,  for  several 
ye.irs  to  come. 

The  multibillion  dollar  Federal-aid  program  is  being  financed  on  a  pay-as- 
you-go  basis  from  Federal  excise  taxes  on  gasoline,  tires,  trucks,  and  other 
highway-user  levies  which  go  into  a  highway  trust  fund.  The  law  provides  that 
the  regular  primary,  secondary,  and  urban  Federal-aid  fmids  have  first  call  on 
trust  fund  balances.  For  the  fiscal  year  lO.'tT,  trust  fund  receipts  were  within 
$G0  million  of  reaching  the  estimated  $l.."i42  billion  revenue.  Treasury  Depart- 
ment estimates  for  the  .years  ahead,  m.-ide  at  the  close  of  the  year,  indicated 
that  it  may  not  be  possible  to  apportion  Interstate  funds  to  the  States  at  the 
rate  authorized,  and  that  it  may  require  IG  years  to  complete  the  program. 

The  Federal-aid  program  is  accomplished  almost  entii-ely  under  the  tradi- 
tional American  practice  of  competitive  contract  construction  inider  contracts 
let  by  the  States.  During  the  fiscal  ,vear,  7,112  contracts  for  Federal-aid  proj- 
ects were  awarded,  including  2,87.")  contracts  for  the  improvement  of  the  Inter- 
state System.  The  awards  approximated  2  contracts  per  contractor  and  an 
average  of  6  bids  were  received  b.v  the  States  for  each  contract  awarded, 
showing  continued  spirited  competition  in  bidding. 

The  upward  trend  in  highway  construction  bid  itrices,  which  began  in  the 
first  quarter  of  fiscal  year  10."i(),  continued  throughout  the  fiscal  year  1957. 
Fourth  quarter  1957  prices  were  2.4  percent  above  the  previous  peak,  which 
had  occurred  in  the  third  quarter  of  fiscal  year  1953. 


The  Schuylkill  Expressway  (.City  Line  Avenue  Interchange)  in  Philadelphia, 
Pa.  This  20-jnile  expressway,  a  part  of  the  Interstate  System,  joins  the 
Pennsylvania  Turnpike  near  Valley  Forge  tvith  the  downtown  area  of  Phila- 
delphia. Traffic  west  of  the  interchange  averages  25,000  vehicles  daily,  and 
east  of  the  interchange,  55,000  vehicles  daily  which  required  transition  from 
4  to  6  traffic  lanes. 


During  the  fiscal  year  1957,  highway  construction  wage  rates  increased  6.0 
percent.  Because  of  increased  productivity,  however,  the  cost  of  labor  increased 
only  1.6  percent.  Highway  construction  materials  costs  increased  4.6 
percent  and  equipment  ownership  costs  increased  6.8  percent  during  the  fiscal 
year.  The  weighted  average  increase  of  labor,  materials,  and  equipment  owner- 
ship costs  was  4.3  percent. 

Steel  was  in  short  supply  in  some  areas  during  the  year  and  a  strike  in 
Portland  cement  producing  plants  in  the  spring  of  1957  delayed  some  highway 
work.     Shortages  of  materials  in  the  future  appeared  less  likely  to  occur. 

The  engineering  manpower  shortage  was  critical  but  was  being  alleviated  by 
increased  use  of  engineering  aids  and  subprofessional  technicians.  The  use  of 
electronic  computers,  aerial  photography,  standardized  plans,  and  other  methods 
and  techniques  was  greatly  multiplying  the  amount  of  work  accomplished  per 
engineer.  Consultant  engineering  services  on  preliminary  engineering,  including 
surveys  and  preparation  of  construction  plans,  particularly  for  the  Interstate 
System,  were  being  used  more  than  ever  before  by  the  State  highway  depart- 
ments, since  in  many  cases  their  own  engineering  staffs  were  unable  to  handle 
all  the  work. 

Recognizing  the  tremendous  burdens  of  administering  the  huge  new  Federal- 
aid  program,  the  Congress  in  1956  created  the  position  of  Federal  Highway 
Administrator,  to  be  appointed  by  the  President  with  the  approval  of  the 
Senate.  President  Eisenhower  announced  the  intention  to  nominate,  upon  his 
availability,  Mr.  Bertram  D.  Tallamy,  Chairman  of  the  New  York  State  Thru- 
way  Authority  and  previously  Superintendent  of  Public  Works  of  New  York 
State.  Meanwhile  Mr.  John  A.  Volpo,  formerly  Commissioner  of  Public  Works 
for  Massachusetts,  was  appointed  as  interim  Administrator.  Mr.  Tallamy  was 
sworn  into  office  on  February  5,  1957. 


During  the  year  the  reorganization  of  the  Public  Roads  field  organization  was 
completed,  and  much  of  the  Federal-aid  review  and  approval  authority  was 
delegated  to  the  field  offices.  Reorganization  of  the  headquarters  office  was 
undertaken  during  the  year,  to  be  completed  in  the  next  fiscal  year. 

A  problem  of  great  potential  danger  in  the  huge  new  Federal-aid  program 
is  the  possible  misuse  of  funds,  especially  in  connection  with  the  acquisition  of 
rights-of-way.  During  the  year  Public  Roads  undertook  to  assign  appraisers  in 
each  of  its  field  offices  to  cooperate  with  the  States  in  establishing  satisfactory 
acquisition  procedures  and  records  and  to  review  the  acquisition  of  each  parcel 
of  property. 

In  addition,  a  project  examination  division  was  set  up  to  audit  and  sjwt  check 
both  Public  Roads  and  State  procedures  and  operations  in  all  aspects  of  the 
Federal-aid  program.  It  is  believed  that  these  new  operations,  coupled  with  long- 
standing precautions,  will  fully  protect  the  public  interest. 

The  Congress,  in  the  Federal-Aid  Highway  Act  of  1956,  called  for  intensive 
studies  by  Public  Roads,  in  cooperation  with  the  State  highway  departments 
and  others,  on  (1)  the  costs  of  completing  the  Interstate  System,  (2)  the 
allocation  of  highway  cost  responsibilities  and  benefits,  (3)  the  role  the 
Federal  Government  can  play  in  increasing  highway  safety,  (4)  the  problems 
of  reimbursement  that  might  be  made  to  the  States  for  toll  and  free  roads 
already  built  and  now  included  in  the  Interstate  System,  and  (5)  maximum 
desirable  vehicle  size  and  weight  limitations.  Public  Roads  is  also  collabo- 
I'ating  with  the  States  and  others  in  the  extensive  road  test  in  Illinois.  All 
of  these  studies,  in  both  intensity  and  scope  greater  than  any  heretofore  under- 
taken, were  put  underway  during  the  fiscal  year  and  were  progressing  satis- 
factorily.    They  are  described  in  detail  elsewhere  in  this  report. 

The  year  marked  the  passing  of  Thomas  H.  MacDonald,  former  Commis- 
sioner of  Public  Roads,  who  died  on  April  7,  1957.  He  was  called  to  head 
the  Bureau  of  Public  Roads  in  1919  at  a  time  when  congressional  legislation 
had  only  recently  created  the  Federal-aid  program  and  a  whole  body  of 
principles  and  procedures  had  to  be  developed.  He  organized  and  continu- 
ally fostered  the  cooperative  Federal-State  relations  in  highway  work  that  con- 
tinue successfully  today.  JMr.  MacDonald  had  retired  in  1953  after  34  years 
of  outstanding  Federal  service. 

The  Federal-aid  Program 

The  Federal-Aid  Highway  Act  of  1956  authorized  a  new  and  enlarged 
Federal-aid  highway  program  that,  in  its  entirety,  will  be  one  of  the  great 
construction  projects  of  all  time.  In  addition  to  continuing  the  cooperative 
effort  that  has  evolved  during  the  life  of  the  Federal-aid  highway  program 
begun  in  1916,  the  1956  act  carried  a  number  of  innovations,  the  effects  of 
which  are  only  beginning  to  be  realized  after  the  first  year  of  operation. 

The  act  refiected  the  extent  of  Federal  interest  in  the  construction  of  the 
Interstate  System,  41,000  miles  of  highways  of  greatest  importance  to  the 
nation  as  a  whole,  by  the  high  matching  ratio  provided  (90  percent  Federal — 
10  percent  State)  and  by  the  authorization  over  a  13-year  period  of  Federal 
funds  estimated  to  be  sufficient,  with  State  matching  funds,  to  complete  the 
construction  of  the  entire  system.  The  act  went  beyond  previous  legislation 
in  prescribing  that  design  standards  for  the  Interstate  .System  should  be 
adequate  to  accommodate  the  types  and  volumes  of  traffic  forecast  for  the  year 
1975,  and  by  reipiiring  controlled  access  as  an  important  feature. 

Another  innovation  was  the  establishment  of  a  Federal  highway  trust 
fund  into  which  revenues  from  Federal  highway-user  taxes  are  to  be  de- 
posited.    While  one  aspect  of  this  fund  is  that  the  expenditures  of  the  Fed- 


A  completed  portion  of  the  Atlanta  Expressway,  Atlanta,  Ga.  This  view  shows 
the  junction  of  the  northeast  and  northwest  legs;  the  heavily  traveled  street 
passing  over  the  northeast  leg  is  Peachtree  Street.  Of  the  20  miles  of  the 
completed  expressway,  traffic  volumes  range  from  20,000  to  60,000  vehicles 
daily. 


eral  Government  for  highways  must  not  exceed  the  amounts  available  in  the 
fund,  it  also  requires  that  specific  highway-user  revenues  received  by  the 
Federal  Government  shall  be  expended  for  highways. 

Classes  of  Federal-aid  work 

Federal-aid  highway  authorizations  since  World  War  II  have  provided 
Federal  funds  for  three  classes  of  highways — primary,  secondary,  and  urban. 
A  total  of  $550  million  was  authorized  for  these  three  classes  of  highways  for 
each  of  the  fiscal  years  1954  and  1955.  Authorizations  have  steadily  increased 
ever  since,  to  $700  million  for  1956,  $825  million  for  1957,  $850  million  for 
1958,  and  $875  million  for  1959.  These  funds  are  matched  equally  by  the 
States. 

Beginning  with  the  fiscal  year  1951,  annual  authorizations  also  have  been 
made  specifically  for  improvement  of  the  National  System  of  Interstate  and 
Defense  Highways.  The  Federal-Aid  Highway  Act  of  1956  inaugurated  the 
long-range  program  for  the  intensive  development  of  the  Interstate  System, 
authorizing  a  total  of  $24,825  billion  for  the  13  fiscal  years  1957-69  to  provide 
for  completion  of  the  entire  system.  These  funds  are  matched  on  a  90-percent 
Federal,  10-percent  State  basis. 

Apportionments  made 

The  first  apportionment  under  the  Federal-Aid  Highway  Act  of  1956  was 
made   June  29,   1956,   and   covered   the  additional  funds   authorized   for   the 


fiscal  year  1957.  This  apportionment  totaled  $1,125  billion  of  which  $1  billion 
was  for  the  Interstate  System.  On  August  1,  1956,  the  fiscal  year  1958  Fed- 
eral-aid highway  funds  were  apportioned.  These  totaled  $2.5.50  billion,  of 
which  $1,700  billion  were  for  the  Interstate  System.  Thus,  within  approxi- 
mately one  month  from  the  passage  of  the  1956  act  a  total  of  $.3,675  billion 
was  made  available  for  the  Federal-aid  highway  construction  programs;  over 
four  times  that  for  any  previous  year. 

Accomplishments  during  the  fiscal  year 

A  total  of  $2.22o  billion  of  Federal-aid  funds  was  obligated  on  Federal-aid 
projects  during  fiscal  year  1957,  the  first  year  of  the  expanded  program. 

Projects  for  the  construction  of  28,398  miles  were  programed  during  the 
year.  Contracts  were  awarded  during  the  year  for  improvements  to  25,845 
miles  of  highways  and  streets.  Construction  put  in  place  during  the  year 
amounted  to  $1,030  billion  of  Federal  funds,  an  increase  over  the  previous 
year  of  43  percent.  At  the  year's  end,  construction  was  underway  or  sched- 
uled to  start  soon  on  29.261  miles  of  highways  and  streets. 

Completions  of  all  classes  of  Federal-aid  and  Federal  projects  during  the 
year  accounted  for  the  improvement  of  23,979  miles  of  roads.  Included  were 
6,953  miles  of  highways  and  1,458  bridges  on  the  Federal-aid  primary  highway 
system  outside  of  cities,  1,176  miles  of  highways  and  636  bridges  on  urban 
portions  of  the  Federal-aid  primary  and  secondary  highway  systems,  14,715 
miles  of  roads  and  1,958  bridges  on  secondary  or  farm-to-market  roads,  and 
3.135  miles  of  highways  in  National  forests,  parks  and  parkways,  and  on 
flood-relief  projects. 


The  new  Pecos  River  Bridge,  located  on  V.  S.  Route  90.  Vol  Verde  County,  Tex., 
was  completed  in  1957.  This  1.3 10- foot-long  structure,  financed  with  State 
ami  Federal  emergency  relief  funds  at  a  cost  of  nearly  $1.4  million,  spans 
the  Pecos  Rii^er  chasm  273  feet  above  the  normal  water  level.  The  former 
bridge,  built  in  1923  with  clearance  of  50  feet  above  the  water  level,  was 
destroyed  by  floods  in  June  1954. 


The  long-range  program  of  eliminating  hazards  at  railway-highway  grade 
crossings  was  advanced  during  the  year  by  elimination  of  230  crossings,  recon- 
struction of  28  inadequate  grade-crossing  structures,  and  protection  of  349  cross- 
ings by  the  installation  of  flashing  lights  or  other  appropriate  safety  devices. 

The  figure  for  miles  of  highway  completed  during  a  year's  period  does  not 
furnish  a  complete  measure  of  the  highway  facilities  provided  for  trafiic,  since 
a  considerable  mileage  has  more  than  two  traffic  lanes.  The  major  portion  of 
improvements  financed  from  urban  and  interstate  funds  consists  of  4-lane  and 
6-lane  construction.  Table  6  in  the  appendix  shows  by  program  and  by  State, 
the  mileages  of  completed  improvements  having  2  lanes,  4  lanes,  and  6  lanes  or 
more.  Table  7  shows,  in  summary,  that  the  22,844  miles  of  Federal-aid  projects 
completed  during  the  year  included  1,737  miles  of  4-lane  highways  and  138 
miles  having  6  lanes  or  more.  Thus,  the  year's  Federal-aid  completions  provided 
the  equivalent  of  49,715  miles  of  single-lane  construction. 

Status  of  work  at  end  of  fiscal  year 

Improvements  to  27,967  miles  of  highways  and  streets  and  construction  of 
7,657  bridges  were  included  in  the  active  Federal-State  cooperative  program  at 
the  close  of  the  fiscal  year  (tables  2  and  5  of  appendix).  These  figures  include 
projects  for  which  plans  had  been  approved  or  construction  had  been  started 
but  was  not  yet  completed.  The  estimated  total  cost  of  this  work  was  $4.4 
billion,  including  $2.7  billion  of  Federal  funds.  Grade  crossing  work  included 
in  the  active  program  consisted  of  elimination  of  560  railway-highway  grade 
crossings,  reconstruction  of  50  inadequate  grade  separation  structures,  and  the 
protection  of  372  railway-highway  grade  crossings  by  installation  of  flashing 
lights  or  other  appropriate  safety  devices. 

The  active  program  for  construction  of  defense  access  roads.  National  forest, 
park,  and  public  lands  highways,  and  restoration  of  flood-damaged  roads  and 
bridges  involved  improvements  to  an  additional  1,294  miles  at  a  total  estimated 
cost  of  $108.6  million,  including  $89.1  million  of  Federal  funds. 

Tables  in  the  appendix  show  details  of  accomplishments  during  the  year  and 
the  status  of  the  program  at  the  end  of  the  year. 

The  National  System  of  Interstate  and  Defense  Highways 

The  National  System  of  Interstate  and  Defense  Highways,  commonly  called 
the  Interstate  System,  is  an  integrated  network  of  routes  that  connect  our 
country's  principal  metropolitan  areas,  cities,  and  industrial  centers,  serve  the 
national  defense,  and  connect  at  suitable  border  points  with  routes  of  con- 
tinental importance  in  Canada  and  Mexico.  As  such,  the  system  includes  most 
of  the  heaviest-traveled  main  arteries  of  the  nation.  Interstate  System  routes 
are  included  in  and  constitute  the  most  important  portions  of  the  Federal-aid 
primary  system. 

The  system  was  created  by  the  Federal-Aid  Highway  Act  of  1944  and  limited 
at  that  time  to  40,000  miles.  General  locations  of  37,700  miles  of  city-to-city 
routes  were  officially  designated  in  1947,  and  the  remaining  2,300  miles  of 
routes  into,  through,  and  around  cities  were  designated  in  1955. 

Provision  for  completion  of  the  system  by  the  Federal-Aid  Highway  Act  of 
1956  made  the  prompt  selection  of  detailed  locations  for  every  route  an  urgent 
goal.  Immediately  after  passage  of  the  act  the  States  undertook  the  engineer- 
ing and  economic  studies  necessary  to  select  definite  locations  for  the  routes  of 
the  Interstate  System,  and  at  the  end  of  the  fiscal  year  locations  for  about 
80  percent  of  the  40,000-mile  system  had  been  selected  and  approved  by  Public 
Roads.  Interstate  highway  locations  had  been  completed  in  7  States  and  21 
additional  States  had  in  excess  of  90  percent  of  the  locations  selected.     The 
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Chicago's  Wells  Street  Plaza,  a  giant  traffic  interchange  linking  the  Congress 
Street  Expresstcay  with  Wacker  Drive.  In  the  foreground  is  the  netv  $5-niil- 
lion  twin  bascule  bridge  spanning  the  South  Branch  of  the  Chicago  River, 

studies  have  revealed  that  less  than  one-quarter  of  the  Interstate  System  high- 
ways will  be  located  on  the  traveled  way  of  existing  highways. 

The  Federal-Aid  Highway  Act  of  195G  provided  for  an  increase  of  1,000  miles 
in  the  authorized  mileage  of  the  National  System  of  Interstate  and  Defense 
Highways,  bringing  its  total  extent  to  41,000  miles.  In  connection  with  such 
additions,  the  States  submitted  tentative  selections  for  integration  into  the 
40,000-mile  system  totaling  in  excess  of  13,000  miles.  The  proposed  routes 
were  being  considered  on  a  national  basis  as  required  by  statute,  taking  into 
consideration  as  basic  factors  the  needs  of  national  defense,  sj'stem  integration, 
transportation  requirements  of  industry  and  agriculture,  and  population  service. 

For  the  tirst  10  years  of  its  existence  no  special  funds  were  authorized  for 
construction  of  the  Interstate  System,  but  Federal-aid  primary  and  urban  au- 
thorizations could  be  and  were  used  to  a  large  extent  for  that  purpose.  The 
Federal-Aid  Highway  Act  of  1952  specifically  authorized  $25  million  for  the 
Interstate  System  for  each  of  the  fiscal  years  1954  and  1955,  available  on  the 
regular  Federal-aid  matching  basis  of  50-percent  Federal  and  50-percent  State 
funds.  Authorizations  of  $175  million  made  for  each  of  the  fiscal  years  1956 
and  1957  were  available  on  the  basis  of  00-percent  Federal  and  40-perceut  State 
matching  funds. 

The  Federal-xVid  Highway  Act  of  1950,  in  providing  for  completion  of  the 
system,  authorized  a  total  of  $24,825  billion  for  improvements,  distributed 
through  the  13  fiscal  years  1957-09.  The  matching  basis  for  these  funds  is 
90-percent  Federal  and  10-percent  State  matching  funds.  Apportionment  to 
the  States  of  the  $1  billion  authorized  for  the  fiscal  year  1957  was  made  on 
June  29,  1956,  and  of  the  $1.7  billion  auth(n-ized  for  the  fiscal  year  1958  on 
August  1,  1956. 

Improvements  involving  Federal-aid  interstate  funds  were  completed  dur- 
ing the  fiscal  year  on  737  miles  of  the  Interstate  System  at  a  total  estimated 
cost  of  $173,313,297  of  which  $117,887,307  were  Federal  funds.    Completed  work 
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involved  528  miles  of  bituminous  and  Portland  cement  concrete  surfacing,  178 
bridges  over  streams,  and  109  bridges  over  highways  to  facilitate  the  free  flow 
of  traffic.  In  the  interest  of  reducing  the  hazards  of  highway  travel,  22  rail- 
way-highway crossings  were  eliminated  by  grade-separation  structures. 

The  work  completed  during  the  year  was  accomplished  almost  entirely  with 
interstate  funds  authorized  prior  to  the  1956  act.  This  is  not  surprising  in 
view  of  the  fact  that  surveys,  acquisition  of  rights-of-way,  preparation  of 
plans,  and  other  operations  for  projects  of  the  magnitude  and  complexity  in- 
volved in  the  Interstate  System  often  take  3  or  4  years  from  initial  pro- 
graming to  the  final  completion  for  traffic  service.  Many  of  the  route  sections 
are  being  built  as  stage  construction ;  that  is,  one  project  providing  for  the 
grading  and  drainage  work,  and  a  subsequent  project  providing  for  the  pave- 
ment and  appurtenances  needed  before  the  road  can  be  opened  to  traffic. 

That  the  States  were  galvanized  into  action  by  the  1956  act  is  indicated  by 
the  programing  of  a  total  of  2,939  miles  of  improvements  during  the  fiscal 
year,  estimated  to  cost  $2,409,417,081  and  involving  $1,988,998,343  of  Fed- 
eral-aid interstate  funds. 

At  the  end  of  the  year  planning  and  construction  of  Interstate  System  high- 
way facilities  were  going  on  at  a  furious  pace  throughout  the  nation.  A  total 
of  $729,397,856  was  programed,  $191,178,628  was  obligated  for  preliminary 
engineering,  and  $541,097,519  was  obligated  for  acquisition  of  rights-of-way. 
There  were  689  projects  advertised  for  bids  or  awarded  to  contract  for  1,878 
miles  of  construction,  estimated  to  cost  $997,394,799. 


The  Jacksonville  Expressway,  Jacksonville,  Fla.  When  completed,  this  express- 
way, for  which  planning  began  in  1937,  will  provide  rapid  movement  into 
and  through  Jacksonville  for  traffic  originating  primarily  from  V.  S.  Routes 
1,  17,  23,  and  90.  A  considerable  portion  of  the  expressway  will  be  part  of 
the  main  north-south  and  east-west  interstate  routes  in  Florida. 


Excluding  projects  programed  only,  a  total  of  $1.7  billion  was  obligated  for 
the  Interstate  System,  of  which  11  percent  was  for  preliminary  engineering, 
31  percent  for  right-of-way  acquisition,  and  58  percent  for  constru:-tion.  The 
high  percentages  of  the  first  two  elements  of  cost  indicate  preparation  for 
construction  work  in  the  coming  year. 

Federal-aid  Improvement  of  Primary  Highways 

Federal  funds  for  tlie  Federal-aid  primary  highway  system  have  been  pro- 
vided continually  since  the  Federal  Highway  Act  in  1921  made  provision  for 
designation  of  the  system.  The  249,136-mile  system  is  made  up  of  the  principal 
highways  of  the  nation  and  includes  228,586  miles  of  rural  highways  and 
20,550  miles  in  urban  areas  (as  of  December  31,  1956),  including  the  mileage 
(if  the  Interstate  System.  Primary  fimd  authorizations  amounted  to  $247.5 
million  for  each  of  the  fiscal  years  1954  and  1955,  $315  million  for  19.56,  $371.25 
million  for  1957,  and  $382.5  million  for  1958.  The  latter  amount  was  ap- 
portioned to  the  States  on  August  1,  1956. 

A  total  of  7,848  miles  of  improvements,  estimated  to  cost  $807,621,724  and 
involving  $423,818,734  of  Federal-aid  primary  funds,  was  programed  during  the 
year. 

Improvements  invtilviug  Federal-aid  primary  funds  were  completed  during 
the  fiscal  year  on  6,914  miles  of  the  Federal-aid  primary  highway  system  at  a 
total  estimated  cost  of  $607,465,964,  of  which  $315. .530.629  were  Federal  funds. 
Completed  work  involved  5.827  miles  of  bituminous  and  portland  cement 
concrete  surfacing,  1,098  bridges  over  streams,  and  146  bridges  over  high- 
ways to  facilitate  the  free  flow  of  traffic.  In  the  interest  of  reducing  the 
hazards  of  highway  travel,  87  railway-highway  crossings  were  eliminated  by 
grade-separation  structures,  13  separation  structures  were  reconstructed,  and 
116  grade  crossings  were  protected  by  the  installation  of  signal  devices. 
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Photo  J}]/  Ml  rlc  Jinik,  Oli/mpia,  Wash. 

Grading  anil  filling  of  the  eastern  approach  of  the  Capitol  Lake  Bridge  in 
Washington.  This  structure  is  a  part  of  the  Olympia  Freeivay,  a  fully  con- 
trolled access  highway  carrying  traffic  through  the  Olympia-Tumwater  urban 
area. 
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Recognition  that  growing  volumes  of  traffic  must  be  served  with  greater 
safety  was  evidenced  by  the  increasing  mileage  on  the  Federal-aid  primary 
system  being  built  as  divided  highways,  some  with  partial  or  full  control 
of  access. 

Federal-aid  Improvement  of  Urban  Highways 

Federal  funds  have  been  provided  specifically  for  improvement  of  the  Federal- 
aid  primary  system  in  urban  areas  continuously  since  1946,  evidencing  Con- 
gressional concern  over  the  growing  seriousness  of  urban  traflic  congestion. 
Urban  fund  authorizations  amounted  to  $137.5  million  for  each  of  the  fiscal 
years  1954  and  1955,  $175  million  for  1956,  $206.25  million  for  1957,  and  $212.5 
million  for  1958  (apportioned  to  the  States  on  August  1,  1956). 

A  provision  of  the  1954  act  made  Federal-aid  urban  funds  available  also  to 
finance  improvements  on  urban  extensions  of  the  Federal-aid  secondary  system. 
Up  to  June  30,  1957,  $18.9  million  of  the  authorized  urban  funds  had  been 
applied  to  work  on  these  secondary  route  extensions. 

Programs  were  approved  during  the  year  on  projects  in  urban  areas  involving 
Federal-aid  urban  funds  for  a  total  estimated  cost  of  $424  million,  the  Federal 
contribution  being  approximately  $214  million,  for  the  improvement  of  453 
miles.  Work  financed  from  urban  funds  was  completed  during  the  year  on  351 
miles  of  urban  highways  at  a  total  estimated  cost  of  $346  million.  The  Federal 
contribution  was  $171  million.  Completed  work  involved  315  miles  of  bitumi- 
nous and  Portland  cement  concrete  surfacing,  96  bridges  over  streams,  and  197 
bridges  over  highways  to  facilitate  the  free  flow  of  traffic.     In  addition,  78 


The  Spring-Sandusky  Interchange,  Columbus,  Ohio.  This  is  the  first  com- 
pleted section  of  the  Innerbelt  around  the  downtown  area  of  Columbus. 
The  Innerbelt  will  be  a  part  of  the  Interstate  System.  The  Spring-Sandusky 
Interchange,  completed  at  a  cost  of  $4.2  million,  is  expected  to  carry  52,000 
vehicles  daily  when  the  Innerbelt  is  completed. 


11 


railway-highway  crossings  were  eliminated  by  grade-separation  structures,  10 
separation  structures  were  reconstructed,  and  35  grade  crossings  were  protected 
by  the  installation  of  signal  devices. 

The  improvement  of  important  urban  highways  has  become  a  major  objective 
of  the  State  highway  departments  and  cities  as  traffic  congestion  continually 
increases.  In  addition  to  the  separate  authorizations  of  Federal-aid  urban 
funds,  approximately  15  percent  of  all  Federal-aid  primary  funds  have  been 
utilized  for  improvements  in  urban  areas. 

In  the  past  few  years  construction  of  urban  expressways  had  absorbed  about 
one-third  of  the  interstate  funds  allotted  to  projects  for  which  plans  were 
approved.  An  even  greater  proportion  will  be  used  in  urban  areas  in  the  future, 
for  it  is  anticipated  that  the  urban  portions  of  the  Interstate  System  will  ac- 
count for  nearly  half  of  its  total  cost.  During  the  fiscal  year  1957,  47  percent 
of  the  funds  programed  f(;r  the  Interstate  System  were  for  urban  projects. 
Controlled-access  freeways  were  being  planned,  and  in  many  cases  were  under 
construction,  in  practically  every  large  city  in  the  nation. 

Federal  provision  for  construction  of  the  Interstate  System  with  90  percent 
Federal  aid  will  also  greatly  benefit  the  cities  indirectly.  The  interstate  funds 
are  carrying  the  heavy  financial  burden  of  the  vital  freeway  links  in  urban 
areas,  thus  freeing  the  Federal-aid  urban  funds  for  use  on  other  major  streets 
with  smaller  volumes  of  traffic  but  still  of  considerable  importance  to  the 
municipalities  served. 

Secondary  or  Farm-to-Market  Roads 

The  Federal-aid  secondary  highway  system  includes  important  farm-to-market 
routes,  rural  mail  routes,  and  school-bus  routes.  The  system  length  totals 
528,378  miles,  including  8,028  miles  of  extensions  in  urban  areas  (as  of  Decem- 
ber 31,  1956) .  Funds  for  secondary  roads  have  been  included  regularly  in 
Federal-aid  authorizations  beginning  with  the  fiscal  year  1938,  but  the  secondary 
system  as  such  was  created  by  legislation  in  1944.     Secondary  fund  authoriza- 


Federal-aid  secondary  road  hordering  Lake  }\  illoughhy  in  Vermont.  This 
recently  constructed  road  eliminated  the  steep  grades  and  winding  alinement 
of  the  old  narrow  road  and  provides  a  low-cost  bituminous  surface  of  ample 
width  for  recreational,  farm-to-market,  and  through  traffic.  This  route  serves 
as  an  (dternate  to  U.  S.  Route  5  between  St.  Johnsbury  and  JSewport. 
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The  final  link  of  the  park-to-park  highivay  joining  Silver  City,  N.  Mex.,  and 
Springerville,  Ariz.,  ivas  completed  this  year  under  the  Federal-aid  secondary 
program.  This  section  in  the  Mogollon  Mountains  of  Neic  Mexico  replaced 
an  unsurfaced,  narrow  roadway  of  poor  alinement  and  limited  sight  distance. 
The  new.  all-weather  road  opens  a  recreational  area  which  has  remained 
undeveloped  because  of  lack  of  access. 

tions  amounted  to  $165  million  for  each  of  the  fiscal  years  1954  and  1955,  $210 
million  for  1956,  $247.5  million  for  1957,  and  $255.0  million  for  1958.  The 
latter  amount  was  apportioned  to  the  States  on  August  1, 1956. 

A  total  of  16,096  miles  of  improvements,  estimated  to  cost  $520,915,861  and 
involving  $274,162,042  of  Federal-aid  secondary  funds,  was  programed  during 
the  year. 

Improvements  involving  Federal-aid  secondary  funds  were  completed  during 
the  fiscal  year  on  14,843  miles  of  the  Federal-aid  secondary  highway  system  at 
a  total  estimated  cost  of  $399,034,108  of  which  $205,790,689  were  Federal  funds. 
Completed  work  involved  8,922  miles  of  bituminous  and  portland  cement  con- 
crete surfacing,  1,933  bridges  over  streams,  and  13  bridges  over  highways  to 
facilitate  the  free  flow  of  traffic.  In  the  interest  of  reducing  the  hazards  of 
highway  travel,  39  railway-highway  crossings  were  eliminated  by  grade-separa- 
tion structures,  4  separation  structures  were  reconstructed,  and  190  grade 
crossings  were  protected  by  the  installation  of  signal  devices. 

Since  the  beginning  of  the  system  program  immediately  after  World  War  II, 
improvement  of  140,015  miles  of  farm-to-market  roads  has  been  completed,  or 
about  one-fourth  of  the  total  system  mileage.  The  number  of  projects  average 
about  3,500  annually  and  are  located  in  some  2,000  counties  each  year.  Alto- 
gether, secondary  projects  have  been  constructed  in  more  than  3,000  of  the 
3,070  counties  of  the  United  States  during  the  past  11  years. 

The  Federal-aid  secondary  system  comprises  about  one-sixth  of  all  the  rural 
road  mileage  in  the  United  States.  The  roads  in  this  system  are  the  principal 
local  roads  in  the  various  counties  in  which  they  are  situated.  The  local 
officials  and  the  State  highway  departments  cooperatively  select  the  routes  of 
the  system,  choose  the  improvement  projects  to  be  programed  each  year,  and 
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determine  the  design  and  construction  standards,  all  subject  to  Public  Roads 
approval. 

The  secondary  system  in  recent  years  has  been  growing  annually  at  a  rate 
about  the  equivalent  of  the  mileage  improved.  There  is  no  limitation  on  the 
mileage  of  local  roads  which  may  be  included  in  the  Federal-aid  secondary 
system  other  than  it  should  not  exceed  the  financial  capacity  of  the  local  road 
agencies  to  build  and  maintain.  It  is  expected,  however,  that  in  the  future  the 
need  for  rebuilding  the  light  surfaces  constructed  on  some  secondary  roads  in 
the  early  years  of  the  program  and  now  wearing  out,  and  the  need  for  recon- 
struction of  some  routes  to  higher  standards  to  keep  pace  with  traffic  growth, 
will  sharply  diminish  requests  for  additions  to  the  system. 

The  plan  for  simplified  administration  of  the  secondary  road  improvement 
program  under  the  provisions  of  the  19.54  act  was  operative  in  44  States  and 
Puerto  Rico  at  the  end  of  the  fiscal  year.  Arizona,  Indiana,  New  Mexico,  West 
Virginia,  the  District  of  Columbia,  and  Hawaii  continue  to  operate  under  the 
regular  Federal-aid  procedure.  The  1954  plan  permits  the  Secretary  of  Com- 
merce and  the  Bureau  of  Public  Roads  to  transfer  much  of  the  engineering  and 
administrative  responsibility  for  Federal-aid  projects  to  the  State  highway 
departments  by  acceptance  of  the  State's  certification  that  approved  standards 
and  procedures  have  been  used  on  secondai*y  projects,  in  lieu  of  examining 
each  project  step  by  step  to  assure  compliance  with  Federal-aid  requirements. 

Highway  Improvements  Under  Direct  Supervision  of  Public  Roads 

Under  existing  legislation,  the  Bureau  of  Public  Roads  receives  and  admin- 
isters directly  annual  appropriations  for  the  major  highways  through  National 
forests,  and  performs  highway  engineering  and  construction  services  for  other 
Federal  agencies  as  required  by  law  and  as  may  be  requested  for  specific  proj- 
ects. The  branches  of  the  Government  receiving  direct  appropriations  for  the 
construction  and  maintenance  of  roads  and  requesting  Public  Roads  assistance 
include  the  Atomic  Energy  Commission  and  the  Departments  of  Agriculture, 
Itefense,  and  Interior. 

The  following  tabulation  indicates  the  volume  of  higliway  work  as  of  .June 
30,  1957,  in  which  the  engineering  and  construction  services  of  Public  Roads 
were  actively  engaged  (the  figures  include  estimated  costs  of  work  in  the  pro- 
gram, plans  approved,  advertised,  and/or  constructi<m  stage)  : 

Bureau  of  Public  Roads : 

Forest  highways .$44,  741,  207 

Federal    lands 770,  509 

Miscellaneous  access  roads 212,  555 

National  Park  Service : 

Park  roads 14,  333,  843 

Parkways 25,  982,  410 

Forest    Service:     Forest    development    roads     (including 

beetle-control   roads) 9,  3.59,  383 

Bureau  of  Indian  Affairs  :  Indian  reservation  roads 497,  000 

Department  of  Defense:  Access  roads 2,1.59,700 

Atomic  Energy  Commission  :  Access  roads 72,  000 

Bureau  of  Land  Management 5, 148,  834 

Total 103,  277,  441 

In  addition  to  the  forest  highway  woi-k  indicated,  there  were  forest  highway 
projects  involving  Federal  funds,  constructed  under  State  supervision,  esti- 
mated to  cost  $4,205,053. 
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Forest  highways 

The  forest  highway  system,  totaling  24,428  miles,  is  located  in  39  States  and 
in  Alaska  and  Puerto  Rico.  Approximately  half  of  this  length  (12,434  miles) 
is  located  in  the  11  Western  States,  South  Dakota,  and  Alaska,  where  the  larg- 
est National  forest  areas  lie.  The  system  is  composed  of  main  and  secondary 
roads  within  or  adjacent  to  the  National  forests,  and  is  largely  coincident  with 
the  Federal-aid  and  State  highway  systems.  Table  17  of  the  appendix  indi- 
cates, by  forest  road  class,  the  system  mileage  in  each  State  or  Territory. 

This  system  is  a  small  but  highly  important  segment  of  the  nation's  net- 
work of  public  roads.  Forest  highways,  in  addition  to  being  of  primary  local 
and  area  importance,  also  carry  most  of  the  transcontinental  traffic  across  the 
Rocky  Mountains  and  the  Coastal  Ranges  as  well  as  a  considerable  amount 
of  the  interstate  traflBc  in  other  areas.  Although  progressive  improvement  of 
the  forest  highway  system  has  been  accomplished  over  a  period  of  many  years 
by  the  cooperative  efforts  of  the  States,  counties,  and  the  Federal  Government, 
the  rate  of  improvement  has  not  kept  pace  with  the  ever-increasing  demands. 

During  the  fiscal  year.  Public  Roads  completed  improvements  on  497  miles 
of  forest  highways  at  a  cost  of  $20,979,008  of  which  .$18,919,81-5  were  Federal 
funds.  Table  16  of  the  appendix  indicates  these  completions,  and  reports  the 
totals  by  States  for  projects  programed,  authorized,  and  under  construction 
at  the  close  of  the  year.  Some  typical  forest  highway  improvements  under- 
way or  completed  during  the  year  are  described  in  the  following  paragraphs. 

PlacerviUe-Lake  Tahoe  highivay,  California. — This  primary  highway,  in  addi- 
tion to  being  a  main  trans-Sierra  Nevada  route,  is  a  gateway  to  the  many  rec- 
reation areas  in  the  vicinity  of  Lake  Tahoe.  Traffic  counts  of  4,000  vehicles 
per  day  during  the  week,  and  up  to  9,000  on  Sundays  and  holidays,  are  com- 
mon in  the  summer  season.  The  highway  between  Pacific  House  and  River- 
ton  traverses  a  rock  palisade  where  no  alternate  location  is  feasible.  The  1.1- 
niile  section  of  4-lane  divided  roadway  under  construction  during  the  year, 
estimated  to  cost  $1,265,000,  will  replace  the  existing  18-foot  width  section. 

Marvine-Pliipps'burg  highioay,  Colorado. — During  the  past  year  construction 
of  7.6  miles  of  grading  and  base  course  was  completed  on  this  route  at  a  cost 
of  $420,000  and  another  project  7.0  miles  in  length  was  let  to  contract  at  an 
estimated  cost  of  $62.5,000.  This  highway,  in  addition  to  serving  the  general 
public,  will  provide  access  to  a  large  volume  of  spruce  timber  (killed  by  beetles) 
for  use  in  making  paper  pulp.  The  road  will  open  up  areas  not  now  served 
by  a  highway. 

Lewis  and  Clark  Highway. — This  220-mile  route  will  eventually  connect  the 
communities  of  Lewiston,  Idaho,  and  Missoula,  Mont.  It  crosses  the  Bitterroot 
Mountains  via  Lolo  Pass,  closely  paralleling  the  route  traveled  by  the  Lewis 
and  Clark  Expedition  1.50  years  ago.  The  forest  highway  portion  of  this  route  in 
Idaho  extends  101  miles  from  Kooskia  northeasterly  along  the  Lochsa  River 
to  the  Montana  State  line.  This  mileage,  plus  33  miles  in  Montana,  is  of 
service  primarily  to  Government  timber  holdings,  forest  recreation  areas,  and 
for  forest  administration.  Construction  has  been  underway  on  this  route  in 
Idaho  since  1919,  gradually  narrowing  the  uncompleted  gap  to  15.6  miles.  No 
road  now  exists  in  this  gap.  The  work  accomplished  to  date  has  been  financed 
liartly  with  forest  highway  and  Federal  land  funds  and  partly  with  Federal- 
aid  primary  and  State  funds.  Some  sections  constructed  many  years  ago 
will  require  reconstruction  prior  to  opening  of  the  entire  length  to  traffic. 
It  is  expected  that  traffic  through  Lolo  Pass  will  reach  500  to  1,000  vehicles 
per  day  when  the  route  is  open  and  paved  throughout  its  entire  length.  Thir- 
teen miles  of  grading  and  bridge  construction,   estimated  to  cost  $1,387,000, 
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were  under  contract  during  the  year.     Part  of  this  \vf)rk  extended  into  the 
impassable  section. 

Vernal-Manila  liighway,  Utah,. — This  route  has  become  increasingly  impor- 
tant since  construction  of  the  Flaming  Gorge  Dam  was  authorized  by  the 
Congress.  During  tlie  year  a  crushed  gravel  base  course  was  placed  on  8.5 
miles  of  the  route,  at  a  cost  of  approximately  $434,500. 


Snake  River  Canyon  highway  in  W^yonting. 

Snake  River  Canyon  highway. — This  route  in  Wyoming  is  a  popular  ap- 
proach to  the  Grand  Teton- Yellowstone  Park  area  from  the  south  and  west. 
During  the  past  year  11.5  miles  of  bituminous  surfacing  and  4.3  miles  of 
bituminous  stabilized  base  course  were  completed  on  the  route  and  4  miles 
of  grading  and  stabilized  base  course  were  let  to  contract,  leaving  approximate- 
ly 6.5  miles  to  be  reconstructed  to  modern  standards.  The  cost  of  the  work 
completed  and  initiated  during  the  past  year  was  $900,0(X). 

National  park  highways,  park  approach  roads,  and  parkways 

Funds  are  appropriated  to  the  Department  of  the  Interior  for  the  con- 
struction and  improvement  of  highways  within  or  approaching  National  parks 
and  monuments,  and  for  parkways  specifically  designated  by  legislation. 
These  funds  are  administered  in  conformity  with  regulations  jointly  approved 
by  the  Secretary  of  the  Interior  and  the  Secretary  of  Commerce.  The  Bureau 
of  Public  Roads  collaborates  with  the  National  Park  Service  in  establishing 
systems  and  developing  annual  programs.  Public  Roads  engineers  make  surveys, 
prepare  plans,   and  supervise  construction  of  projects  on  major  roads. 

During  the  past  year  improvements  were  completed  on  142  miles  of  park 
highways,  park  approach  roads,  and  parkways  under  contracts  totaling 
$11,059,000.  The  work  included  grading  and  surfacing  and  bridge  and  tun- 
nel construction.  At  the  close  of  the  year,  250  miles  of  improvements  were 
under  construction  by  contracts  totaling  $25,261,000.  Tables  18  and  19  of 
the  appendix  indicate  the  general  locations  of  this  construction  activity.  Typical 
improvements  are  described  in  the  following  paragraphs. 

Blue  Ridye  Parkway. — This  scenic  parkway  in  Virginia  and  North  Carolina 
currently  has  340  miles  of  surfaced  roadway  open  to  the  public.  During  the 
year  13.8  miles  of  construction,  including  5  bridges,  were  completed  at  a  cost 


16 


of  $1,263,000.  At  the  end  of  the  year,  37.3  miles  of  grading  and  base  course, 
bridges,  and  tunnel  construction  work  were  underway  at  a  total  estimated  cost 
of  $5,281,000. 

Colonial  Parkivay. — Major  work  on  this  23-mile  parkway  in  Virginia  was 
substantially  completed  in  April,  permitting  traffic  on  the  entire  parkway  from 
Yorktown  to  Jamestown  Island  for  the  opening  of  the  350th  anniversary  cele- 
bration of  the  founding  of  Jamestown.  Work  completed  during  the  year  con- 
sisted of  a  ferry  wharf,  and  11.0  miles  of  roadway,  bridge,  and  viaduct 
construction  at  a  total  estimated  cost  of  $2,063,000.  At  the  close  of  the  year, 
11.9  miles  of  concrete  paving,  estimated  to  cost  $1,637,400,  were  nearly  completed. 

Everglades  National  Park. — During  the  past  year  hydraulic  dredging  and 
stockpiling  of  oolite  material  and  18  miles  of  grading  and  surfacing  were  com- 
pleted at  a  total  estimated  cost  of  $2,046,000  on  roads  in  this  park  in  Florida. 
At  the  close  of  the  year,  17  miles  of  grading,  surfacing,  and  bridge  construction 
were  underway  at  an  estimated  total  cost  of  $1,078,000.  By  the  end  of  the 
1957  construction  season,  all  current  work  on  the  main  road  in  this  park 
should  be  substantially  complete,  thus  providing  a  new  access  to  the  recreational 
facilities  of  one  of  our  newest  National  parks,  as  well  as  providing  a  new 
cross- State  highway. 

George  WasMngton  Memorial  Parkway. — This  parkway  in  Virginia,  across 
the  Potomac  River  from  Washington,  D.  C,  is  being  extended  to  provide  access 
to  the  new  building  planned  for  the  Central  Intelligence  Agency.  During  the 
past  fiscal  year,  contracts  totaling  $5  million  were  let  to  provide  for  the  grading 
of  5.14  miles  of  4-lane  divided  parkway  and  the  construction  of  5  major  bridges. 

Natchez  Trace  Parktvay. — Bituminous  surfacing  was  completed  during  the 
year  on  approximately  6.3  miles  of  this  parkway  and  5.4  miles  of  incidental 
roads  near  Natchez,  Miss.,  increasing  to  119  miles  the  total  length  of  the 
parkway  open  to  traffic  in  Alabama,  Mississippi,  and  Tennessee.  Many  of  the 
16  bridge  structures  and  a  great  percentage  of  the  25  miles  of  grading  and 
base  course  work  contracted  last  year  were  completed.  At  the  close  of  the 
year,  33.8  miles  of  grading  and  base  course  construction  and  numerous  bridges 
and  overpasses,  estimated  to  cost  $3,825,000,  were  under  construction. 

Mt.  Rainier  National  Park. — Construction  along  the  18.5-mile  Stevens  Canyon 
route  in  Washington,  connecting  the  Nisqually  Entrance  road  with  the  East 
Side  road  near  Ohanapecosh,  has  been  underway  since  1931.  Surfacing  of  this 
entire  length,  tunnel  lining,  and  slope  stabilization  underway  since  1954,  were 
nearing  completion  at  the  end  of  the  year.  The  scenic  route  will  serve  tourists 
visiting  Reflection  Lake  and  Louise  Lake,  and  provides  a  new  cross-State 
summer  route  over  the  Cascade  Mounains. 

Forest  development  roads  and  access  roads  for  spruce-bark  beetle  control 

Public  Roads,  when  requested  by  the  Forest  Service,  makes  surveys,  prepares 
plans,  and  supervises  construction  within  National  forests  of  roads  of  impor- 
tance in  the  protection,  administration,  and  utilization  of  the  forests.  Public 
Roads  has  also  provided  engineers  for  the  location  and  construction  of  access 
roads  in  the  spruce-bark  beetle  control  program.  During  the  year,  149  miles  of 
forest  development  roads  and  beetle-control  roads  were  completed  under  con- 
tracts totaling  $6,558,000.  At  the  close  of  the  year,  work  on  118  miles  of 
construction,  estimated  to  cost  $6,450,000,  was  underway. 

Bureau  of  Land  Management  roads 

Public  Roads  continued  its  cooperation  with  the  Bureau  of  Land  Management 
of  the  Department  of  Interior  in  a  program  of  road  construction  in  Oregon  to 
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provide  access  to  areas  for  logging  operations,  and  to  areas  for  the  salvaging 
of  timber  attacked  by  beetles.  During  the  year,  construction  was  completed  on 
122  miles  at  a  cost  of  $4,033,000.  At  the  end  of  the  year,  109  miles  were  under 
contract  for  work  estimated  to  cost  $3,372,000. 

Indian  reservation  roads 

Public  Roads  continued,  under  agreement  with  the  Bureau  of  Indian  Affairs, 
to  provide  general  supervision  for  the  programing,  design,  and  construction  of 
roads  and  bridges  in  Indian  reservations.  During  the  year  work  programed 
or  under  construction  totaling  1,351  miles  and  estimated  to  cost  $13,230,000 
was  under  the  direct  responsibility  of  the  Bureau  of  Indian  Affairs.  In  addi- 
tion, under  the  direct  supervision  of  the  Bureau  of  Public  Roads  and  at  the 
request  of  the  Bureau  of  Indian  Affairs,  work  on  26.5  miles  was  completed  at 
a  cost  of  $498,000  and  was  underway  on  14.4  miles  estimated  to  cost  $394,000. 

Construction  in  Alaska 

During  the  year.  Public  Roads  had  under  its  direct  supervision  approximately 
70  miles  of  construction  on  highways  in  the  Chugach  and  Tongass  National 
Forests  in  Alaska.  At  the  end  of  the  year.  26  miles  had  been  completed  at  a 
cost  of  $1,217,000  and  44  miles,  estimated  to  cost  $2,382,000,  were  under 
construction. 

Defense  access,  replacement,  and  maneuver  road  program 

The  Atomic  Energy  Commission  transferred  an  additional  $2,073,000  to  Public 
Roads  during  the  fiscal  year,  increasing  the  total  funds  tran.sferred  for  the 
construction  and  improvement  of  access  roads  to  sources  of  uranium  ore  to 
$8,473,000.  The  Commission  also  transferred  $155,778  for  the  improvement  of 
an  access  road  within  the  boundaries  of  the  Oak  Ridge.  Tenn.,  plant.  These 
funds,  with  the  $9,991,000  transferred  by  the  Conunission  under  authority  of 
Public  Law  149,  83d  Congress,  increased  the  total  funds  transferred  by  the 
Atomic  Energy  Commission  to  $18,619,778. 

The  militar.v  departments  transferred  to  Public  Roads  military  construction 
funds  appropriated  iinder  Public  Law  814,  84th  Congress,  for  access  roads  to 
military  reservations  and  defense  industries.  These  transfers  included  $3,548,560 
from  the  Department  of  the  Army,  $1,088,165  from  the  Department  of  the  Navy, 
and  $7,932,088  from  the  Department  of  the  Air  Force— a  total  of  $12,568,813. 

An  additional  $300,000  appropriated  to  the  Department  of  Defense  for 
maintenance  and  operations  was  also  transferred  for  repair  of  257  miles  of 
road  in  Louisiana  damaged  during  "Exercise  King  Cole"  and  "p]xercise  Sledge 
Hannner"  held  between  March  27  and  May  16.  These  transfers,  with  the 
$18,523,911  of  Department  of  Defense  funds  transferred  during  the  fiscal  years 
1955  and  1956,  increased  the  total  funds  transferred  by  the  Department  of 
Defense  to  $31,392,724. 

Including  the  $42  million  previously  appropriated  under  legislative  authority 
of  1950  and  1952,  funds  appropriated  for  access  roads  since  the  beginning  of 
the  Korean  emergency  totaled  $92,012,502. 

Standard  specifications 

During  the  past  2  years.  Public  Roads  has  been  working  on  a  complete 
revision  of  its  own  construction  specifications  used  to  govern  highwa.v  improve- 
ments made  under  direct  supervision  of  the  Bureau.  The  text  was  reviewed 
by  the  Public  Roads  staff  and  field  engineers  and  by  committees  and  representa- 
tives of  highway  contractors  and  material  and  equipment  producers  and  sup- 
pliers.    The  work  was  completed  during  the  fiscal  year  and  published  under 
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the  title  Standard  Specifications  fo)~  Construction  of  Roads  and  Bridges  on 
Federal  Highway  Projects  (FP-57).  As  was  the  case  foi-  the  1941  edition,  the 
new  specifications  will  undoubtedly  be  used  by  other  Government  agencies  either 
as  a  reference  or  as  a  basic  specification  or  guide. 

Federal  Aid  to  Alaska 

Public  Roads  has  been  active  in  Alaska  since  1919,  but  until  enactment  of  the 
Federal-Aid  Act  of  1956  its  responsibilities  were  limited  to  administration  of  the 
forest  highway  program  within  the  Tougass  and  Chugach  National  Forests  and 
to  assistance  with  special  programs  of  military  import.  From  1919  through 
1956,  some  400  miles  of  forest  highways  were  constructed  at  a  cost  of  approxi- 
mately $50  million. 

Under  the  terms  of  the  1956  act,  Federal  aid  for  highways  for  the  first  time 
was  extended  to  Alaska.  The  Alaska  Road  Commission,  which  had  admin- 
istered the  Territory's  highway  program  outside  the  National  forests  since  1905, 
became  a  part  of  the  Bureau  of  Public  Roads.  Created  in  1905  as  an  agency 
of  the  War  Department,  the  Commission  had  become  a  part  of  the  Department 
of  Interior  in  1932.  Administration  of  the  4,485-mile  highway  system  developed 
by  the  Commission  at  a  cost  of  approximately  $230  million,  and  all  personnel, 
equipment,  property,  and  unexpended  appropriations,  were  transferred  to  the 
Department  of  Commerce  on  September  16,  1956.  The  organization  was  com- 
bined with  the  existing  Public  Roads  Alaska  oflSce  to  form  Bureau  of  Public 
Roads  Region  10.  The  regional  office  was  established  at  Juneau,  the  Terri- 
torial capital,  with  district  offices  at  Anchorage,  Valdez,  Fairbanks,  Nome,  and 
Juneau. 

The  1958  act  entitles  Alaska  to  share  in  Federal-aid  primary,  secondary,  and 
urban  funds,  as  have  the  Territories  of  Hawaii  and  Puerto  Rico  for  some  years 
past.  It  provides  for  use  of  Federal  funds  for  either  constrviction  or  main- 
tenance of  Alaskan  highways.  In  recognition  that  a  large  part  of  Alaska  is 
relatively  uninhabited  and  to  obtain  an  equitable  apportionment  of  Federal 
funds  relative  to  highway  needs.  Congress  modified  the  formula  for  computation 
of  the  apportionment  of  Federal  funds  among  the  States  and  Territories  with 
respect  to  Alaska  by  using  only  one-third  of  the  area  of  Alaska  instead  of  its 
full  area.  The  law  also  provides  that  the  Territorial  government  shall  con- 
tribute to  the  highway  fund  an  amount  equal  to  10  percent  of  the  amount 
apportioned  each  year  by  the  Federal  Government.  The  net  effect  is  that  funds 
available  for  Alaskan  roads  under  Federal  aid  will  permit  a  roadbuilding  pro- 
gram to  be  launched  in  Alaska  with  sufficient  continuity  to  permit  long-range 
planning. 

Federal-aid  highway  systems,  designated  in  accordance  with  provisions  of 
section  107  of  the  Federal-Aid  Act  of  1956  and  totaling  5,152  miles,  were 
established  in  Alaska  during  the  year.  The  1,959-mile  primary  system,  com- 
posed principally  of  hard-surfaced  highways,  connects  the  Territory's  principal 
interior  cities  and  military  establishments  with  one  another,  with  the  all-weather, 
ice-free  ports  of  Haines,  Valdez,  and  Seward,  and  with  the  continental  United 
States  via  the  Alaska  Highway  through  Canada.  The  3,193-niile  secondary 
system  is  basically  a  feeder  system,  and  except  for  a  few  hard-surfaced  sections 
in  the  vicinity  of  population  centers,  it  consists  of  gravel  roads.  Approximately 
one-half  of  the  secondary  system  is  connected  to  the  primary  network ;  the 
balance  connects  isolated  communities  with  rail,  water,  or  air  transportation 
facilities.  The  entire  primary  system,  except  for  ferry  connections,  and  ap- 
proximately 1,000  miles  of  the  secondary  system  are  kept  open  on  a  year-round 
basis. 
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The  1957  fiscal  year  construction  and  maintenance  program  totaled  approxi- 
mately $30  million,  including  $23.8  million  in  Interior  Department  carry-over 
construction  and  maintenance  projects,  $2.()  million  in  reimbursable  work  for 
other  agencies,  and  $4.6  million  Federal-aid  construction  and  maintenance. 
Contracts  were  let  for  construction  of  the  final  section  of  the  160-mile  Denali 
Highway  to  connect  Mt.  McKinley  National  Park,  which  contains  the  continent's 
highest  peak,  with  the  Territory's  connected  highway  network,  and  for  paving 
the  final  section  of  the  365-mile  Richardson  Highway  which  connects  Valdez  and 
Fairbanks.  At  the  close  of  the  year,  115  Federal-aid  projects  totaling  $16 
million  were  programed  and  remaining  Interior  Department  projects  valued  at 
$5  million  were  active. 

The  Territory  of  Alaska  has  not  as  yet  established  a  working  highway  organi- 
zation of  its  own,  liut  instead  has  utilized  the  services,  formerly  of  the  Alaska 
Road  Commission  and  now  of  the  Bureau  of  Public  Roads,  to  accomplish 
its  highway  program.  In  Alaska,  consequently,  Public  Roads,  in  addition  to 
discharging  its  usual  administrative  responsibilities,  performs  all  of  the  functions 
of  a  State  highway  department  including  location  surveys,  design,  contract  ad- 
ministration, and  highway  maintenance,  all  utilizing  Government  forces  and 
equipment.  At  the  end  of  the  fiscal  year,  1.008  employees  were  on  Region  10 
rolls  and  the  automotive  and  construction  equipment  fleet  numbered  in  excess 
of  1,500  units. 

Progress  in  Reports  to  Congress 

The  Federal-Aid  Highway  Act  of  1956  and  the  companion  Highway  Revenue 
Act  of  1956,  enacted  at  the  close  of  the  previous  fiscal  year,  called  upon  the 
Secretary  of  Commerce  to  undertake  a  number  of  studies,  in  cooperation  with 
the  State  highway  departments,  and  report  their  findings  to  the  Congress.  Most 
of  these  studies,  delegated  by  the  Secretary  to  the  Bureau  of  Public  Roads, 
were  well  underway  at  the  end  of  the  year. 

In  addition  to  the  work  reported  in  the  following  paragraphs,  much  of  the 
research  described  in  the  latter  part  of  this  repcn-t  was  directly  or  indirectly 
related  to  these  studies. 

Interstate  System  cost  estimate 

Section  108  (d)  of  the  Federal-Aid  Highway  Act  of  1956  required  that,  in 
cooperation  with  the  State  highway  departments,  periodic  detailed  estimates 
be  made  of  the  cost  of  completing  the  Interstate  System,  based  on  adopted 
standards  and  accomplished  uniforndy  among  all  of  the  States.  Such  estimates, 
when  approved  by  concurrent  resolution  of  the  Congress,  will  be  used  in  ap- 
portioning Federal-aid  funds  for  the  Interstate  System  among  the  States.  The 
first  estimate  is  to  be  reported  to  the  Congress  in  January  195S.  and  will  be 
used  in  apportioning  the  funds  authorized  for  the  fiscal  years  1900,  1901,  and 
1962. 

The  design  standards  for  the  Interstate  System  were  adopted  shortly  after 
the  passage  of  the  act,  as  reported  in  last  year's  annual  rep<n't. 

Of  the  40,000  miles  authorized  for  the  Interstate  System  when  it  was  created 
in  1944,  the  general  locations  of  routes  had  been  determined  in  1947  for  some 
37,700  miles.  The  remaining  2,300  miles,  all  in  urban  areas,  were  selected  in 
1955. 

The  first  step  necessary  in  estimating  the  cost  of  completing  the  system  was 
the  determination  of  specific  locations  for  every  route.  This  in  itself  was  a 
tremendous  undertaking,  re(]uiring  both  engineering  and  economic  studies.  By 
the  end  of  the  fiscal  year,  specific  detailed  locations  had  been  selected  by  the 
States  and  approved  by  Public  Roads  for  about  80  percent  of  the  total  mileage. 
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For  the  remainder,  where  decisions  could  not  be  reached  in  the  time  available, 
feasible  locations,  the  most  reasonable  in  cost  of  several  desirable  alternates, 
were  being  used  for  the  purposes  of  the  cost  estimates.  Many  of  these  tentative- 
ly selected  sections  were  in  cities  where  the  problems  of  traffic  service  and 
economics  are  exceedingly  complex. 

The  extent  of  mileage,  the  adjuration  of  the  Congress  for  uniformity,  and  the 
year-and-a-half  time  limit  for  the  job,  coupled  with  the  fact  that  apportionment 
of  funds  among  the  States  will  be  made  according  to  the  results,  make  this 
the  most  important  as  well  as  the  biggest  and  most  detailed  study  of  its  kind 
ever  undertaken. 

To  obtain  the  necessary  uniformity,  estimate  breakdowns,  and  supporting 
data,  a  tentative  manual  of  instructions  was  prepared  by  Public  Roads  in 
cooperation  with  representatives  of  the  American  Association  of  State  Highway 
Officials  and  several  individual  State  highway  departments.  After  trial  opera- 
tions, and  meetings  with  the  State  highway  departments  to  assure  uniform 
interpretations,  operating  procedures,  and  schedules,  the  manual  in  final  form 
was  sent  to  all  State  highway  departments  in  October  1956. 

An  important  feature  of  the  Interstate  System  design  is  that  the  routes  are 
to  be  constructed  to  accommodate  adequately  the  types  and  volumes  of  traffic 
forecast  for  the  year  1075.  A  guide  for  such  forecasting  was  developed  by 
Public  Roads  and  distributed  to  the  States  as  a  supplement  to  the  cost  estimat- 
ing manual. 

Necessary  to  the  forecasting  was  study  of  present  travel  volumes  and  habits, 
and  consideration  of  probable  future  population  growth  and  movement,  eco- 
nomic development,  and  changes  in  patterns  of  motor-vehicle  ownership  and 
use.  Statewide  forecasts  and,  subsequently,  forecasts  for  each  route  section 
had  to  be  made  to  determine  the  number  of  traffic  lanes  and  capacity  of  inter- 
changes required  throughout  the  system.  The  importance  of  the  traflic  fore- 
casting to  the  development  of  cost  estimates  is  obvious.  The  States  cooperated 
wholeheartedly  in  the  preparation  of  the  traffic  forecasts  and  cost  estimates, 
and  field  teams  of  State  and  Public  Roads  engineers  studied  every  mile  of  the 
system  on  the  ground. 

By  the  end  of  the  fiscal  year,  cost  estimates  covering  about  95  percent  of  the 
system  mileage  had  been  received  in  the  Public  Roads  Washington  ofiice.  As 
an  indication  of  the  difficulty  of  the  job,  these  estimates  comprised  individual 
study  of  some  6,000  road  sections  averaging  about  6%  miles  each  in  length. 

Analysis  and  summarization  of  the  voluminous  material  received  and  prepara- 
tion of  a  report  to  the  Congress  will  be  undertaken  in  the  coming  fiscal  year. 

Highway  cost  allocation  study 

Preliminary  phases  of  work  on  the  study  called  for  by  section  210  of  the 
Highway  Revenue  Act  of  1956  were  well  advanced  at  the  end  of  the  fiscal  year. 
The  purpose  of  this  study  of  highway  cost  responsibility  and  benefits  is  to 
provide  the  Congress  with  information  on  the  basis  of  which  it  can  determine 
what  taxes  should  be  imposed  by  the  Federal  Government,  and  in  what  amounts, 
to  assure  an  equitable  distribution  of  the  tax  burden  among  the  various  classes 
of  persons  using  Federal-aid  highways  or  otherwise  deriving  benefits  from 
such  highways. 

The  terms  of  the  act  require  a  two-pronged  approach  to  the  problem:  (1) 
That  of  costs  occasioned  by  the  use  and  frequency  of  use,  on  the  Federal-aid 
highways,  of  vehicles  of  different  dimensions  and  weights;  and  (2)  that  of  the 
benefits  derived,  or  to  be  derived,  from  the  Federal-aid  improvement  pro- 
gram. The  study  of  benefits  must  embrace  not  only  the  immediate  benefits 
derived  by  users  of  vehicles  of  different  types  and  sizes,  but  also,  according 
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to  the  act,  ".  .  .  any  direct  and  indirect  benefits  accruing  to  any  class  wliicti 
derives  benefits  from  Federal-aid  highways,  in  addition  to  benefits  from  actual 
use  of  such  liighways,  which  are  attributable  to  public  expenditures  for  such 
highways." 

The  problem  of  allocating  Federal-aid  highway  cost  responsibility  among 
different  classes  of  vehicles  will  be  attacked  chiefly  by  the  incremental  method, 
although  other  means  of  differential-cost  analysis  will  be  explored.  The  in- 
cremental method  is  founded  on  the  concept  that  there  are  certain  basic  costs 
in  the  provision  of  highways  in  which  all  vehicles  should  share  on  a  uniform 
basis,  and  that  additional  costs  attributable  to  size  of  vehicle  should  be  shared 
by  successively  smaller  groups  of  vehicles  in  ascending  order  of  size. 

A  comparative  study  of  the  benefits  of  the  Federal  highway  program,  both 
vehicular  and  nonvehicular,  will,  it  is  hoped,  provide  evidence  on  which  to 
base  findings  on  the  extent  to  which  revenue  sources  other  than  motor-vehicle 
taxes  might  be  equitably  drawn  upon  for  partial  support  of  the  Federal-aid 
highway  program.  A  study  of  the  variation  of  vehicular  benefits  with  the 
dimensions  and  weights  of  vehicles  will  provide  an  alternative  solution  of 
the  motor-vehicle  tax-allocation  problem. 

The  work  program  of  the  study  includes  the  following  major  phases:  (1) 
Collection  and  special  classification  of  motor-vehicle  registration  and  taxation 
data ;  (2)  estimation  of  physical  highway  needs  and  their  cost  through  a  con- 
siderable future  period,  according  to  highway  systems,  and  a  detailed  schedule 
of  standards  and  elements  of  construction  and  maintenance  requirements;  (3) 
collection  and  assembly  of  highway  traffic  volume  and  weight  data  according 
to  systems  and  by  so-called  visual  and  gross  weight  classes  of  vehicles;  (4)  de- 
termination of  structural  and  geometric  design  standards  and  accompanying- 
cost  factors  required  for  each  increment  of  demand  made  upon  highway  fa- 
cilities because  of  increasing  size  or  weight  (gross,  axle,  or  wheel  load)  of 
vehicles,  or  their  frequency  of  occurrence  in  the  traffic  stream;  (5)  study  of 
the  differential  benefits  derived  from  the  use  of  the  highways  by  vehicles  of 
different  dimensions  and  weights;  (6)  study  of  nonvehicular  benefits,  to  be 
measured  by  the  effects  of  highway  improvement  on  land  and  property  values, 
on  business  development  and  other  land  uses,  and  on  other  features  of  the 
economy;  and  (7)  application  of  the  data  obtained  in  operations  1  to  6  to 
the  (final  solutions  and  findings  of  the  project. 

I'lanning  for  the  collection  of  data  to  be  processed,  the  assembly  and  analysis 
of  material  to  be  studied  in  each  of  the  six  areas  of  work  just  described,  and 
the  methods  for  processing  and  correlating  the  material  in  each  of  those  areas 
are  being  undertaken  by  the  Public  Roads  headquarters  staff.  Collection  and 
arrangement  of  the  data  for  each  State  for  the  incremental  and  benefit  an- 
alyses are  being  done  by  the  State  highway  departments,  chiefly  through  their 
highway  planning  divisions,  and  aided  by  the  Public  Roads  field  offices. 

Of  the  seven  phases,  the  first,  dealing  with  the  classification  of  vehicles  and 
their  corresponding  road-user  tax  payments,  showed  the  greatest  progress  at 
the  end  of  the  fiscal  year ;  the  data  collection  had  been  completed  in  38  States, 
of  which  4  States  had  turned  in  their  reports  and  17  were  in  the  final  stage 
of  preparing  summary  tables.  At  a  much  earlier  stage  but  showing  satis- 
factory progress  were  phases  2  and  3,  dealing  with  highway  needs  and  with 
traflSc  volume  and  composition.  The  remaining  three  data-collecting  phases — 
incremental  design  standards  and  cost  factors,  vehicular  benefits,  and  non- 
vehicular  benefits — were  at  still  earlier  stages,  but  in  each  of  them  work  had 
begun.  The  phase  of  final  analysis,  interpretation,  and  report  writing  must 
await  the  production  and  preliminary  analysis  of  data  in  the  earlier  phases. 

As  required  by  the  10.56  act,  a  report  of  progress  on  the  study  was  prepared 
and  presented   to   the  Congress  on   March  1,   1*J57.     The  report  discusses  the 
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problem  of  equitable  allocation  of  the  Federal-aid  highway  tax  burden,  pro- 
vides a  comprehensive  review  of  the  background  of  that  problem,  gives  con- 
sideration to  the  approaches  to  its  solution  that  have  been  made  in  the  past, 
outlines  the  principal  methods  of  solution  that  will  be  used  in  this  study,  and 
identifies  alternative  methods  that  will  be  considered  or  fully  explored.  Finally 
the  plans  for  conducting  the  study  are  set  forth  in  the  report  and  the  ac- 
complishments to  date  are  reviewed. 

The  1956  act  requires  that  the  final  report  on  the  study  of  highway  cost 
responsibility  be  submitted  to  the  Congress  not  later  than  March  1,  1959.  This 
requirement  practically  necessitates  confinement  of  the  data-collection  phases 
of  the  study  to  the  year  1957,  so  that  assemblies  and  analysis  of  all  material 
can  be  accomplished  and  the  final  report  prepared  during  1958. 

Reimbursement  study 

The  Federal-Aid  Highway  Act  of  1956  provides  that  toll  roads,  bridges,  or 
tunnels  in  existence  or  constructed  in  the  future  may  be  included  in  the  Inter- 
state System,  if  they  meet  the  design  standards,  although  Federal  aid  may  not 
be  used  for  their  improvement  (with  certain  exceptions  relating  to  bridges 
and  tunnels).  In  the  selection  of  specific  locations  of  routes  by  the  States, 
a  number  of  such  facilities  were  included  in  the  Interstate  System,  as  were 
some  toll-free  facilities  already  built  by  the  States  with  or  without  Federal  aid. 

In  recognition  that  this  situation  would  arise,  section  114  of  the  1956  act  de- 
clared it  the  intent  of  the  Congress  to  determine  whether  or  not  the  Federal 
Government  should  equitably  reimburse  the  States  for  toll  or  free  highways  on 
the  Interstate  System  built  between  1947  and  1957.  To  that  end,  as  directed  by 
the  act,  Public  Roads  is  to  determine,  in  cooperation  with  the  State  highway 
departments,  which  highways  would  qualify  for  reimbursement  (if  made)  and 
their  cost  and  depreciation.  A  report  of  the  results  of  this  study  is  to  be  made 
to  the  Congress  in  January  1958. 

Initial  information  needed  for  the  study  included  determination  of  the  road 
sections,  to  which  possible  reimbursement  might  apply,  that  have  been  incor- 
porated in  the  Interstate  System,  comparison  of  their  design  with  the  system 
standards,  and  records  of  their  original  cost  and  present  condition.  Since 
much  of  such  information  was  being  obtained  through  the  needs  study  required 
by  section  108  (d)  of  the  1956  act,  action  on  the  reimbursement  study  was  de- 
ferred until  the  material  became  available  for  use. 

At  the  end  of  the  fiscal  year,  Public  Roads  oflicials  were  formulating  detailed 
plans  for  the  study.  Representatives  of  the  American  Association  of  State 
Highway  Oflicials  will  cooperate  in  the  planning,  and  a  manual  will  be  pre- 
pared for  guidance  of  the  State  highway  departments  in  collecting  and  report- 
ing all  needed  information. 

Highway  safety  study 

Section  117  of  the  Federal-Aid  Highway  Act  of  1956  directed  that  a  compre- 
hensive study  be  undertaken,  and  reported  to  the  Congress  by  March  1,  1959, 
to  determine  what  action  can  be  taken  by  the  Federal  Government  to  promote 
the  public  welfare  by  increasing  highway  safety.  Public  Roads  appointed  a 
director  for  this  study  in  December  1956,  and  liaison  was  promptly  established 
with  the  Special  Subcommittee  on  Trafliic  Safety  of  the  House  of  Representatives 
to  aid  in  developing  Public  Roads'  plan  of  study. 

In  brief,  the  highway  safety  study  contemplates  a  broad  api^raisal  of  present 
highway  safety  efforts,  both  official  and  non-official,  the  identification  of  major 
deficiencies  in  these  programs,  and  the  preparation  of  recommendations  as  to 
the  optimum  Federal  role  in  highway  safety. 
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One  of  the  more  promising  activities  just  l)eginning  at  tlie  end  of  the  year 
was  a  case  study  of  accident  causes  by  an  investigating  team  of  engineer  and 
medical  and  social  scientists.  Elsewhere,  in  about  a  dozen  selected  States,  the 
cooperation  of  highway,  police,  and  motor-vehicle  officials  was  enlisted  in  spe- 
cial researches  directed  toward  the  speed  factor  in  highway  safety.  Exlmustive 
studies  of  the  large  economic  losses  occasioned  by  highway  traffic  accidents 
were  going  forward  in  several  other  States.  Numerous  contacts  with  repre- 
sentatives of  the  automotive  and  allied  industries  and  groups  concerned  with 
legislation,  traffic  law  enforcement,  safety  education,  and  public  support  were 
providing  valuable  guidance  to  the  study. 

Negotiations  were  underway  with  the  Department  of  Healtli,  Education  and 
Welfare  for  a  supplemental  study  in  connection  with  the  National  health  survey 
started  at  tlie  end  of  the  fiscal  year.  C'omnumities  with  widely  varying  accident 
experience  will  also  be  surveyed  in  the  interest  of  isolating  the  cliaracteristics 
that  make  for  highway  safety  or  the  lack  of  it.  Federal  agencies,  major  asso- 
ciations of  State  and  local  government  officials,  and  others  liaving  responsi- 
bilities for  safety  on  the  highway  will  also  be  contacted  in  developing  the 
practicable  courses  of  Federal  action. 

Maximiiin  desirable  vehicle  sizes  and  weights 

Section  108  (k)  of  the  1956  act  directed  that  all  possible  action  be  taken  to 
expedite  the  American  Association  of  State  Highway  Officials  road  test,  in 
wliich  Public  Roads  is  cooperating.  Progress  on  the  project  is  described  in 
another  section  of  this  report. 

Pertinent  to  the  basic  purpose  of  section  108  (k),  that  recommendations  as 
to  maximum  desirable  dimensions  and  weights  of  vehicles  operated  on  the 
Federal-aid  systems  be  reported  to  tlie  Congress,  Public  Roads  was  working 
on  an  extensive  study  of  the  economics  involved  in  the  road-vehicle  relation. 
The  work  is  described  in  this  report  in  the  section  on  highway  transport 
research. 

Highway  Design 

Passage  of  tlie  Federal-Aid  Highway  Act  of  1950  culminated  general  planning 
for  the  Interstate  System  and  advanced  engineering  work  into  the  detail  loca- 
tion and  design  stages.  The  act  assured  completion  of  the  system  and  provided 
for  tlie  adoption  of  geometric  and  construction  standards  cooperatively  with 
the  State  highway  departments.  At  the  beginning  of  the  fiscal  year,  the  American 
Association  of  State  Highway  Officials  completed  and  adopted  a  revision  of  its 
Interstate  System  standards  prepared  by  its  committee  on  planning  and  design 
policies  in  conjunction  with  Public  Roads  engineers.  These  standards  were  ap- 
proved by  I'ublic  Roads  on  July  17,  1950,  and  immediately  put  into  use. 

The  standards  call  for  incorporation  of  all  known  features  of  safety  and 
utility,  to  provide  for  safe  and  relaxed  driving,  economy  of  vehicle  operation, 
and  pleasing  appearance.  Features  required  to  accommodate  traffic  anticipated 
in  1975  are  to  be  provided  in  the  initial  design,  but  construction  may  be  accom- 
plislied  in  stages  where  justifiable. 

On  all  sections  of  the  Interstate  System,  access  will  be  controlled  and  facil- 
ities will  be  planned  to  enable  vehicles  to  enter  or  leave  the  highway  safely. 
Grade  separations  generally  will  carry  cross  roads  over  or  under  the  routes 
of  the  system.  In  sparsely  settled  rural  areas  of  the  west  where  traffic  vol- 
umes are  low,  intersections  at  grade  will  be  iiermitted  under  certain  conditions 
and  if  no  appreciable  hazard  is  created.  There  will  be  no  railroad  grade 
crossings. 
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Curves,  grades,  and  sight  distances  of  the  interstate  routes  will  be  planned 
for  driving  in  safety  and  comfort  (actual  speed  regulation  will,  as  always,  be 
under  the  control  of  the  States) . 

Traffic  lanes  will  be  not  less  than  12  feet  wide.  Nearly  all  of  the  system  is 
to  consist  of  di^'lded  highways  with  4  or  more  traffic  lanes.  In  flat  country 
where  drivers  are  able  to  see  great  distances  at  all  times,  2-lane  highways  will 
be  permitted  if  the  traffic  expected  in  1975  does  not  exceed  about  5,000  vehicles 
daily,  but  in  such  cases  the  roadway  will  be  built  to  one  side  of  the  right-of- 
way  so  an  additional  pavement,  to  provide  a  divided  highway,  can  be  added  in 
the  future.  In  rolling  and  mountainous  topography  divided  highways  will  be 
provided  for  lower  traffic  volumes.  Divided  highways  will  generally  have 
2-lanes  in  each  direction,  but  6-  and  8-lane  sections  will  be  built  where  needed. 

Median  areas  between  the  two  roadways  of  divided  highways  will  be  at  least 
36  feet  wide,  except  in  urban  and  in  mountainous  areas  where  a  minimum  of 
16  feet  will  be  permitted.  Under  unusual  conditions  of  terrain  or  right-of-way 
cost,  the  median  may  be  reduced  to  not  less  than  4  feet.  Medians  will  often 
vary  in  width,  in  rural  areas,  since  the  two  roadways  will  in  propitious  loca- 
tions be  designed  as  two  separate  entities  in  order  to  use  the  topographic  and 
scenic  features  to  best  and  most  economic  advantage. 

Shoulders  at  least  10  feet  wide  (6  feet  in  mountainous  terrain),  usable  by 
all  classes  of  vehicles  in  all  weather,  will  be  provided  on  the  right  of  traffic. 

Wide  rights-of-way  will  be  required,  but  fixed  standards  are  not  prescribed 
because  conditions  of  difficult  terrain  and  exorbitant  cost  will  sometimes  have 
to  govern.  Rights-of-way  need  not  be  of  constant  width.  The  standards  offer, 
as  a  guide,  minimum  widths  required  in  rural  areas  ranging  from  150  feet  for 
a  2-lane  road  to  300  feet  for  an  8-lane  divided  highway  with  frontage  roads  on 
each  side.  In  urban  areas  the  right-of-way  must  be  wide  enough  to  accommo- 
date the  roadway  and  necessary  slopes,  walls,  and  frontage  streets. 

Bridges  and  overpasses  will  preferably  be  deck  type  (no  overhead  obstruc- 
tion). All  structures  will  allow  at  least  14  feet  vertical  clearance  over  the  road- 
ways and  shoulders. 

The  Interstate  System  standards  provide  all  essential  guides  in  highway 
design  but  for  the  details  needed  by  locating  and  design  engineers  reference  is 
made  to  the  adopted  policies  of  the  American  Association  of  State  Highway 
Officials.  One  of  these,  A  Policy  on  Geometric  Design  of  Rural  Hicjhways, 
was  prepared  by  the  Association's  committee  on  planning  and  design  policies 
and  Public  Roads  engineers  and  was  published  by  the  Association  in  1954.  A 
supplemental  work,  A  Policy  on  Arterial  Highways  in  Urban  Areas,  was  com- 
pleted during  the  year  by  the  same  group  and  was  adopted  by  the  Association 
on  April  1,  1957.  At  the  year's  end,  the  book  was  in  the  hands  of  the  printer. 
During  the  year  the  same  group  also  completed  A  Guide  for  the  Application  of 
Frontage  Roads  on  the  National  System  of  Interstate  and  Defense  Highways, 
which  served  to  bring  about  a  nationally  uniform  approach  to  a  design  feature 
in  which  there  had  been  a  considerable  variation  of  engineering  opinion.  This 
policy  was  approved  by  the  Association  for  informational  and  guide  purposes 
and  on  January  8,  1957,  was  adopted  for  use  on  the  Interstate  System  by  the 
Bureau  of  Public  Roads. 

The  approved  geometric  standards  for  the  Interstate  System  in  general  de- 
fine the  minimum  acceptable  roadway  dimensions.  However,  the  concept  of  the 
system  calls  for  design  of  highways  of  unquestioned  adequacy  for  the  1975 
traffic  needs,  with  use  of  the  minimum  dimensions  to  the  extent  found  war- 
ranted and  beneficial  to  the  freeway  traffic  flow.  To  a  degree  never  before 
exijerienced,  the  State  and  Public  Roads  engineers  were  confronted  with  the 
need  for  making  a  series  of  precedent-setting  decisions  on  the  first  few  projects. 
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Numerous  interpi-etations  were  required,  particularly  in  respect  to  the  maxi- 
mum logical  diinensious  that  can  be  economically  justified.  Establishment  of  a 
working  policy  in  each  State  within  a  nationally  uniform  pattern  has  been 
necessary,  as  well  as  determinations  regarding  elements  of  design  not  covered 
in  detail  in  the  standards. 

I'ublic  Roads  engineers  cooperated  closely  with  State  highway  department 
officials  in  working  out  the  details  of  these  first  projects,  which  did  much  to 
establish  the  basis  for  future  work.  Many  of  the  preliminary  plans  so  consid- 
ered were  for  costly  and  complex  designs,  including  interchanges,  and  a  series 
of  conferences  between  State  and  Public  Roads  engineers  on  the  details  of  loca- 
tion and  design  were  necessary  to  resolve  the  particular  problems.  As  indi- 
vidual features  were  determined  in  one  State,  all  other  States  were  advised  so 
that  they  could  benefit  by  the  conclusions.  Thus  they  were  afforded  consid- 
erable time  saving  on  similar  projects  of  their  own,  and  national  uniformity 
was  promoted. 

Bridge  Design 

The  planned  construction  of  the  Interstate  System  for  traffic  anticipated  in 
1975  has  resulted  in  a  large  number  of  bridge  projects,  many  of  them  compli- 
cated structural  designs  at  the  intersections  of  important  highways.  During 
the  year  Public  Roads  reviewed  plans  for  3,S()0  major  bridges  on  the  Interstate 
and  primary  highway  systems. 

xVn  enlargement  and  revision  of  l^taiKlurd  Phni.s  for  llUjlnray  Bridge  Super- 
structures was  published  during  the  year.  This  should  be  of  great  benefit  to 
the  highway  program,  in  the  face  of  the  shortage  of  engineering  manpower. 
Information  on  design  and  installation  criteria  for  reinforced  concrete  pipe 
culverts  was  also  prepared  and  distributed  to  the  States. 

Prestressed  concrete  construction  increased  greatly  in  volume  and  intensity 
during  the  year,  in  part  accounted  for  by  the  delay  in  obtaining  delivery  of 
structural  steel. 

Welded  bridge  construction  is  also  increasing.  In  some  areas,  the  construc- 
tion of  major  structures  by  welding  has  been  undertaken  for  the  first  time. 

A  survey  of  the  economy  and  usage  of  current  structural  bridge  steels,  which 
considered  the  proper  use  of  both  standard  and  proprietary  steels,  including 
high-strength  and  low-allo,v  steels,  was  completed  and  distributed  to  the  States. 
Public  Roads  has  l)een  active  in  seeking  adoption  of  a  new  high-strength, 
low-alloy  steel  for  riveted  construction,  to  supersede  the  present  standard 
structural  silicon  steel,  because  of  the  difficulties  arising  from  the  welding  of 
surface  imperfections  in  the  latter  steel  at  the  mills.  A  satisfactory  proprie- 
tar.v  steel  at  equal  cost  is  being  used  and  the  aim  is  to  have  a  standard  speci- 
fication adopted  by  the  American  Society  for  Testing  Materials. 

Research  in  structural  problems  connected  with  bridges  has  continued 
throughout  the  year.  Public  Roads  is  accomplishing  such  research  in  coopera- 
tion with  varioiis  State  highway  departments,  universities  and  industry. 

During  the  year,  complete  bridge  designs  were  prepared  by  I'ublic  Roads 
engiiu^ers  for  structures  on  the  Inter-American  Highwa.v  and  for  bridges  in 
Lil)erla  and  .Jordan.  Preliminary  plans  and  estimates  for  the  Woodrow  Wilson 
Memorial  Bridge  over  the  Potomac  River  at  Alexandria,  south  of  Washington, 
D.  C,  were  also  prepared. 

For  several  years  continuing  negotiations  between  the  Bureau  of  Public 
Roads  and  the  Corps  of  Engineers  have  been  aimed  at  reducing  the  requirements 
of  navigational  clearances  of  highway  bridges  wherever  possible  without  unduly 
affecting  the  reasonable  requirements  of  waterway  transportation.  An  esti- 
mated total  of  $4,460,000  in  highway  bridge  construction  costs  was  saved  during 
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the  year  as  a  result  of  these  efforts.  The  savings  effected,  in  seven  States, 
ranged  from  $37,000  in  Florida  to  $2,140,000  in  Maine,  and  included  a  total  of 
$2,935,000  in  Federal-aid  funds.  The  reported  savings  did  not  include  reduced 
costs  to  States  and  localities  of  maintaining  and  operating  movable  span  bridges, 
which  have  resulted  from  reduced  operating  requirements  applicable  to  the  mov- 
able spans. 

Right-of-Way  Acquisition 

Prior  to  passage  of  the  Federal-Aid  Highway  Act  of  1956,  many  States  had 
depended  upon  local  subdivisions  to  acquire  and  furnish  rights-of-way  without 
Federal-aid  participation.  In  the  enlarged  program.  Federal-aid  participation 
in  the  cost  of  right-of-way  has  been  greatly  increased,  particularly  for  the 
Interstate  System.  During  the  3  fiscal  years  1953-55  less  than  $100  million  of 
Federal  aid  was  paid  for  right-of-way  costs  for  all  projects ;  during  the  fiscal 
year  1957,  by  contrast,  $369,835,853  of  Federal  aid  was  obligated  for  right-of- 
way  acquisition  on  the  Interstate  System  alone. 

In  anticipation  of  the  increased  requests  for  right-of-way  participation,  a 
survey  of  right-of-way  practices  and  procedures  in  each  State  was  made  and 
right-of-way  committees,  composed  of  representatives  of  the  Department  of 
Commerce,  Public  Roads,  and  the  American  Association  of  State  Highway 
Officials  were  formed.  As  the  result  of  the  efforts  of  these  committees,  a  policy 
was  formulated  for  the  acquisition  of  right-of-way  in  which  Federal-aid  funds 
are  involved.  Public  Roads,  in  implementing  this  policy,  examined  in  detail 
the  practices  and  procedures  of  each  State  highway  department  in  the  acquisi- 
tion of  right-of-way.  and  recommended  modifications  or  improvements  where 
they  seemed  warranted  to  protect  the  public  interest,  both  Federal  and  State, 
as  well  as  the  interests  of  affected  property  owners.  Careful  attention  was 
given  to  methods  of  appraisal,  negotiation,  condemnation,  and  documentation. 

In  view  of  the  greatly  increased  use  of  Federal-aid  funds  in  right-of-way 
acquisition.  Public  Roads  has  assigned  right-of-way  engineers  in  its  regional 
offices  and  as  rapidly  as  possible  a  sufficient  number  of  right-of-way  appraisers 
were  being  assigned  to  the  Public  Roads  offices  in  each  State,  to  provide  close 
liaison  with  the  State  highway  department  right-of-way  organizations.  The 
right-of-way  functions  in  the  Public  Roads  Washington  office  were  separated 
into  an  operating  division  in  the  Office  of  Engineering  and  a  legal  division  in 
the  Office  of  the  General  Counsel,  and  both  divisions  were  being  expanded  to 
provide  for  consultation,  coordination,  and  assistance  in  the  handling  of  all 
phases  of  right-of-way  acquisition. 

In  addition  to  such  duties.  Public  Roads  probably  will  have  to  acquire  some 
rights-of-way  for  the  Interstate  System,  when  requested  by  the  States  under 
the  Federal-Aid  Highway  Act  of  1956,  where  it  is  shown  that  the  State  is  unable 
to  acquire  necessary  lands  or  interests  in  lands,  or  is  unable  to  acquire  the  same 
with  sufficient  promptness.  Several  such  requests  by  the  States  have  already 
been  received,  and  more  are  anticipated. 

Roadside  Improvement 

Public  Roads  has  continued  to  cooperate  with  State  highway  departments  and 
committees  of  the  American  Association  of  State  Highway  Officials  in  formulat- 
ing policies  and  standards  aimed  toward  better  integration  of  landscape  develop- 
ment in  the  location  and  design  of  interstate  highways.  Emphasis  has  been 
placed  on  the  preservation  of  trees,  streams,  and  other  landscape  features  of 
the  route,  on  protection  and  preservation  of  the  value  of  abutting  lands,  on 
erosion  control  requirements,  and  on  the  need  for  safety  turnouts  and  rest 
areas  for  the  convenience  and  safety  of  the  traveling  public. 
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The  study  of  roadside  iinproveiuent  specifications  used  by  the  State  highway 
departments,  in  progress  last  year,  was  completed  and  distributed  to  the  State 
highway  departments  and  other  roadbuilding  agencies.  It  will  serve  as  a  guide 
to  the  best  practices  in  this  field. 

A  study  of  roadside  improvement  work  as  shown  in  current  State  and 
Federal-aid  highway  project  plans  was  continued.  The  study,  when  completed, 
will  serve  the  States  as  a  guide  in  preparing  standard  plans  for  Federal-aid 
highway  construction,  with  inclusion  of  landscape  development  objectives  in 
the  earliest  stages  of  highway  location  and  design. 

Use  of  Aerial  Surveys 

During  the  fiscal  year  Public  Roads  specialists  conducted  four  conferences  on 
the  use  of  photogrammetry  and  aerial  surveys  in  the  solution  of  highway  en- 
gineering problems,  which  were  attended  by  about  400  engineers  of  State  and 
county  highway  departments,  consultant  firms  and  universities. 

Two  3-week  schools  were  also  conducted,  at  which  72  State  and  Public  Roads 
engineers  received  training  in  the  principles,  procedures,  and  uses  of  photo- 
grammetry and  aerial  surveys  in  locating  and  designing  highways.  Special 
training  was  also  given  to  four  foreign  engineers,  and  a  3-month  consultation 
service  was  performed  for  the  highway  engineering  staff  of  Ethiopia. 

Four  State  highway  departments  have  become  equipped  to  take  aerial  photo- 
graphs and  two  of  these  have  a  staff  to  compile  maps  l)y  phutogrammetric 
methods.  Three  other  States  procured  photogrammetric  instruments  in  which 
are  used  photographs  purchased  by  contract.  Nearly  all  other  States  are  now 
employing  photogrannnetric  techniques  in  their  highway  location  and  design 
work,  obtaining  aerial  photographs  and  topographic  and  planimetric  maps  by 
the  contract  method. 

A  guide  to  the  preparation  of  detailed  specifications  for  employing  photo- 
grammetric engineering  firms  on  a  commercial  basis  was  completed  by  Public 
Roads  and  published  during  the  year.  Several  States  were  given  assistance 
in  the  use  of  these  specifications,  and  Public  Roads  used  the  specifications  in 
connection  with  the  location  of  highways  to  be  constructed  entirely  with  Federal 
funds. 

Geodetic  Markers  for  Control  of  Highway  Surveys 

A  program  for  the  establishment  of  geodetic  markers  in  accordance  with 
specifications  of  the  Coast  and  Geodetic  Survey  was  initiated  during  the  fiscal 
year.  These  markers  will  provide  reliable  data  for  the  control  of  surveys  for  the 
location  and  construction  of  modern  highways.  Such  controls  are  especially 
important  in  view  of  the  increasing  mileage  of  surveys  being  made  by  photo- 
grammetric methods. 

Extensive  projects  in  this  field,  which  for  the  present  are  limited  to  the 
Interstate  System,  have  been  completed  or  are  in  progress  in  seven  States, 
using  Federal-aid  highway  funds.  The  Coast  and  Geodetic  Survey  cooperates 
in  this  work  to  assure  that  its  accuracy  meets  specifications.  On  many  of  the 
projects  they  are  providing  the  equipment  and  personnel  to  conduct  the  entire 
operation  on  a  cooperative  basis. 

In  addition  to  the  benefits  that  will  accrue  to  the  highway  program,  the 
markers  will  provide  readily  accessible  control  points  for  all  other  engineering 
and  mapping  surveys  conducted  in  the  future.  State  plane  coordinates  will  be 
computed  for  all  of  these  markers.  All  surveys  based  on  the  data  developed  for 
these  markers  are  coordinated  to  a  universal  system  of  horizontal  and  vertical 
measurements,  and  are  therefore  interrelated  so  that  data  from  any  one  of  such 
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surveys  can  be  used  on  another  survey  without  any  additional  field  work.  As 
this  system  is  expanded  it  will  be  of  great  benefit  to  surveying  and  engineering 
work.  Plans  have  already  been  formulated  by  many  Federal,  State,  and  local 
government  agencies  and  private  organizations  for  the  use  of  the  data  developed 
for  these  markers. 

Coordinated  Planning  of  Highways  and  Airports 

Expansion  of  the  airport  development  programs  for  civilian  and  military  use, 
especially  those  designated  for  use  of  the  newer  types  of  heavy  aircraft,  com- 
bined with  the  increased  highway  program  has  presented  many  conflicts  between 
these  facilities.  Public  Roads  has  cooperated  closely  with  other  Federal,  State, 
and  local  highway  and  airport  ofiicials  to  insure  careful  planning  and  coordina- 
tion of  highways  and  airports.  The  cooperative  efforts  of  all  concerned  have 
always  provided  an  equitable  and  economical  solution  to  these  problems. 

Emergency  Planning  and  Mobilisation  Readiness 

Numerous  statutes  impose  upon  the  Bureau  of  Public  Roads  responsibility 
for  giving  adequate  consideration  to  defense  requirements  in  the  conduct  of  its 
assigned  functions.  Executive  Order  No.  10219  also  imposes  certain  respon- 
sibilities with  respect  to  streets  and  highways.  Public  Roads  has  also  been 
assigned  duties  and  responsibilities  under  certain  defense  mobilization  orders 
and  delegations  from  the  Federal  Civil  Defense  Administration. 

In  connection  with  the  civil  defense  program,  Public  Roads  completed  during 
the  year  a  report  entitled  A  Preliminary  Report  on  Highivay  Needs  for  Civil 
Defense.  This  report,  published  and  distributed  by  the  Federal  Civil  Defense 
Administration,  presented  a  nationwide  appraisal  of  the  adequacy  of  streets 
and  highways  extending  from  urban  areas  to  meet  requirements  for  evacuation 
of  such  areas.  The  report  does  not  constitute  an  endorsement  of  evacuation  as 
the  sole  hope  for  survival  of  urban  populations,  but  attempts  to  place  in  per- 
spective, within  certain  limits,  the  potential  capabilities  of  evacuation  by 
motor  vehicles. 

Planning  for  continuity  of  government  and  mobilization  in  a  national  emer- 
gency has  also  progressed  both  with  respect  to  the  Public  Roads  headqviarters 
and  its  field  representatives.  Development  of  this  program  continues,  in  co- 
operation with  other  agencies  concerned,  and  in  the  light  of  changing  conditions 
of  weapons  development. 

Repair  of  Flood-Damaged  Roads 

For  many  years  it  has  been  the  policy  of  the  Federal  Government  to  aid  the 
States  in  the  repair  or  reconstruction  of  highways  and  bridges  on  the  Federal- 
aid  systems,  damaged  or  destroyed  by  floods  and  other  disasters  of  extraordinary 
character  and  extent.  Such  aid  is  available  under  an  authorization  permitting 
the  use  of  available  emergency  funds  without  waiting  for  legislative  action 
following  each  disaster.  The  Federal-Aid  Highway  Act  of  1956  provided  a 
continuing  authorization  of  not  to  exceed  $30  million  annually  for  this  purpose. 

Allocations  of  emergency  funds  totaling  $3,717,761  were  made  during  the 
fiscal  year  to  10  States  and  the  Territory  of  Hawaii  for  rehabilitation  work 
estimated  to  cost  $7,464,706  in  total.  Amounts  allocated  were  as  follows : 
California,  $1,446,196 ;  Connecticut,  $39,956 ;  Hawaii,  $887,000 ;  Idaho,  $464,000 ; 
New  Jersey,  $60,000;  New  York,  $17,770;  North  Carolina,  $253,382;  Oregon, 
$49,000;    Pennsylvania,    $33,650;    Virginia,    $458,425;    and  Washington,   $8,382. 
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Severe  flood  damage  occurred  during  January  and  February  1957  in  Kentucky 
and  Virginia,  and  during  May  and  June  1957  in  Louisiana,  Minnesota,  Oldahoma, 
and  Texas.  All  of  these  States  have  submitted  or  indicated  that  they  will 
submit  reciuests  for  allocations  of  emergency  funds  for  the  reconstruction  of 
flood-damaged  highways. 

West  Virginia,  which  also  suffered  flood  damage  during  the  year,  has  advised 
they  will  not  request  an  allocation  of  emergency  funds. 

Dviring  the  year,  floods,  hurricanes,  tornadoes,  and  tidal  waves  caused  such 
serious  damage  that  disaster  ax'eas  were  declared  by  the  President  in  14  States 
and  2  Territories.  In  each  case.  Public  Roads  personnel  assisted  the  Federal 
Civil  Defense  Administration  in  surveying  the  damage  and  aiding  State  and  local 
agencies  in  planning  temporary  relief. 

Foreign  Activities 

Training  of  foreign  engineers 

Participation  of  the  Bureau  of  Public  Roads  in  our  Government's  program 
of  technical  assistance  to  other  countries  was  continued  at  an  accelerated  rate 
during  the  year.  Programs  for  study,  training,  and  observation  of  highway 
improvement  practices  in  the  United  States  were  prepared  and  implemented  for 
102  engineers  and  officials  of  other  countries,  sponsored  by  the  International 
Cooperation  Administration.  Arriving  singly  or  in  groups,  they  were  provided 
a  total  of  52(3  man-months  of  training  during  the  year. 

In  addition  to  those  sponsored  by  the  International  Cooperation  Administra- 
tion, Public  Roads  provided  or  arranged  training  for  four  engineers  sponsored 
by  the  United  Nations.  Assistance  was  also  rendered  to  visitors  from  other 
countries  who  were  referred  to  Public  Roads  by  the  Department  of  State  but 
who  were  not  under  any  official  United  States  or  T'nited  Nations  sponsorship. 
Individuals  from  26  countries  participated  in  these  technical  assistance  programs. 

The  State  highway  departments  continued  their  splendid  cooperation  during 
the  year  in  providing  these  individuals  with  opportunities  to  study  our  tech- 
niques and  practices. 

The  Inter-American  Highway 

Since  1930  the  United  States,  through  the  Bureau  of  Public  Roads,  has  been 
assisting  the  Republics  of  Guatemala,  El  Salvador,  Honduras,  Nicaragua,  Costa 
Rica,  and  Panama  in  the  construction  of  the  Inter-American  Highway,  which  is 
that  section  of  the  Pan  American  Highway  from  Nuevo  Laredo,  on  our  Mexican 
border,  to  Panama  City,  at  the  Pacific  terminal  of  the  Panama  Canal,  a  distance 
of  about  3,200  miles.  Connecting  highways  from  El  Paso  and  Nogales,  Tex.,  to 
Mexico  City  now  afford  more  direct  routes  from  the  western  United  States. 

The  highways  in  Mexico  have  been  financed  and  constructed  entirely  by 
Mexico. 

At  the  end  of  the  year,  95  percent  of  the  Inter-American  Highway  was  passable 
in  all  kinds  of  weather  by  motor  vehicles,  but  uninterrupted  travel  to  Panama 
City  was  still  an  impossibility.  Throughout  its  length  of  about  1,600  miles  in 
Mexico,  the  highway  was  open  at  all  times  and  practically  all  of  it  was  paved. 
In  Guatemala,  starting  at  the  Mexican  border,  an  impassable  gap  of  25  miles 
was  under  construction  and  scheduled  for  opening  at  the  end  of  the  year.  This 
gap  could  be  bypassed  by  rail.  Beyond  this  gap,  the  highway  was  passable  at 
all  times  as  far  as  San  Isidro,  Costa  Rica,  a  distance  of  about  1,100  miles.  In 
this  distance  many  sections  were  under  construction,  and  there  were  additional 
sections  on  which  considerable  construction  will  have  to  be  done  to  bring  the 
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highway  up  to  modern  standards  for  a  2-lane  road,  but  the  route  was  open  and 
passable  without  undue  difficulty. 

Beginning  at  San  Isidro,  Costa  Rica,  a  formidable  impassable  section  of  the 
route  extends  for  about  150  miles  through  rough  and  undeveloped  territory  to 
Concepcion,  Panama.  This  entire  section  was  under  construction.  From 
Concepcion  to  Panama  City,  a  distance  of  about  300  miles,  the  highway  was 
passable  at  all  times  but  several  sections  were  being  reconstructed  to  modern 
standards  and  some  sections  were  still  substandard. 

During  the  1957  fiscal  year,  the  following  was  accomplished  : 

Congress  appropriated  $12  million  toward  the  completion  of  Inter-American 
Highway. 

In  Guatemala,  all  of  the  highway  not  presently  paved  was  under  construction 
to  bring  it  up  to  modern  standards  for  a  2-lane  road.  During  the  year  good 
progress  was  made  on  the  grading  and  drainage  of  the  new  highway  and  placing 
of  a  sub-base.  The  work  was  being  done  by  contracts,  most  of  which  were 
scheduled  for  completion  in  February  1958.  Plans  w^ere  being  made  to  provide 
a  base  course  of  crushed  stone  as  soon  as  the  grading  work  is  completed.  Grad- 
ing on  the  25-mile  impassable  gap  was  completed  at  the  end  of  the  fiscal  year, 
but  bridges  were  still  lacking. 

In  El  Salvador,  the  highway  was  completed  during  the  year  to  modern  stand- 
ards with  asphalt  surface  throughout. 

In  Honduras,  progress  was  slow  on  a  21-mile  contract  for  grading  and 
drainage  between  Jicaro  Galan  and  the  Nicaragua  border.  Plans  were  com- 
pleted for  the  balance  of  the  highway  in  Honduras,  including  16  bridges. 
Structural  steel  required  for  these  bridges  was  purchased  by  Public  Roads  so 
that  there  will  be  no  delay  on  account  of  slow^  deliveries  of  steel. 

In  Nicaragua,  tliat  section  of  the  highway  between  the  Honduras  border  and 
Condega  was  practically  completed  as  an  all-weather  road  by  forces  of  the 
Nicaragua  Highway  Department  during  the  year.  The  placing  of  base  course 
and  final  surface  will  be  done  by  contract.  Of  the  17  bridges  between  the 
Nicaragua  border  and  Sebaco,  under  construction  by  the  Nicaragua  Highway 
Department,  12  had  been  completed  and  5  were  under  construction.  A  con- 
tract was  awarded  to  an  American  contractor  during  the  year  for  grading  work 
in  Nicaragua  between  Condega  and  Sebaco.  The  contract  calls  for  the  con- 
struction of  an  all-weather  road  to  be  completed  by  June  1959.  In  Southern 
Nicaragua,  between  Rivas  and  the  Costa  Rica  border,  a  contract  w^as  awarded 
to  an  American  firm  for  the  construction  of  10  bridges  to  replace  temporary 
structures.  The  highway  in  this  location  was  to  be  widened  by  forces  of  the 
Nicaragua  Highway  Department. 

In  Costa  Rica,  construction  proceeded  on  the  145-mile  contract  for  com- 
pletion of  the  highway  from  the  Nicaragua  border  to  San  Ramon.  This  sec- 
tion has  been  kept  open  to  traffic  at  all  times.  In  southern  Costa  Rica  the 
entire  134-mile  impassable  section  between  San  Isidro  and  the  Panama  bor- 
der was  under  construction.  Two  contracts  for  75  miles  of  grading,  drainage, 
and  bridges  were  awarded  during  the  year,  calling  for  completion  by  May 
1958.  A  number  of  bridges  must  be  built  before  the  road  will  be  open  to  all- 
weather  travel.  Fair  progress  was  made  by  the  contractors  in  opening  up  this 
long  impassable  gap  in  difficult  terrain  where  access  is  a  big  problem. 

In  Panama,  two  contracts  were  awarded  during  the  year  for  grading,  drain- 
age, and  bridges  on  the  last  impassable  section  of  the  highway  to  be  placed 
under  construction  between  Laredo  and  Panama  City.  Completion  was  called 
for  by  the  end  of  1958.  During  the  year,  agreement  was  reached  to  relocate 
the  highway  between  Santiago  and  Remedios  over  a  more  direct  line  than  the 
existing  route  at  a  considerable  savings  in  cost.  The  present  highway  between 
these  points  was  passable  at  all  times. 

447872—58 5  31 


At  the  end  of  the  fiscal  year,  all  of  the  impassable  sections  of  the  Inter- 
American  Highway  were  being  built  at  least  to  all-weather  standards.  Con- 
struction was  underway  on  24  contracts  with  private  contractors  and  the  total 
volume  of  the  work  under  contract  was  in  excess  of  $56  million. 

Other  Latin  American  projects 

In  Guatemala,  I'ublic  Roads  continued  furnishing  engineering  assistance  to 
the  International  Cooperation  Administration  in  connection  with  the  construc- 
tion and  improvement  of  the  Pacific  Highway  from  E-cuintla  to  the  Mexican 
border  and  tlie  Atlantic  Highway  from  Guatemala  City  to  Puerto  Barrios. 

In  Nicaragua,  Public  Roads  continued  its  technical  assistance  to  the  Re- 
public in  the  planning  and  construction  of  their  National  Highway  System 
(other  than  the  Inter-American  Highway),  which  is  being  financed  in  part 
by  a  loan  from  the  International  Bank  for  Reconstruction  and  Development 
(World  Bank). 

The  United  States  is  also  as.sisting  Nicaragua  financially  in  the  construc- 
tion of  the  Rama  Road  which,  when  completed,  will  form  the  main  trans- 
portation link  between  the  settled  portion  of  N^icaragua  on  the  Pacific  Coast 
and  the  large,  undeveloped  fertile  area  of  eastern  Nicaragua  and  the  Atlantic 
Ocean.  It  begins  at  San  Benito  on  the  Inter-American  Highway  and  extends 
158  miles  east  to  Rama,  a  river  port  on  the  Escondida  River  which  can  be 
reached  by  ocean  vessels  from  the  Atlantic.  Construction  began  on  this  project 
in  1943  with  United  States  funds  and  continued  until  June  1948,  when  funds 
were  exhausted.  An  all-weather  road  had  been  practically  completed  from  San 
Benito  to  Villa  Samoza,  a  distance  of  96  miles. 

Work  was  resumed  during  the  fiscal  year  1955  and  a  contract  let  to  a  United 
States  firm  for  12  miles  from  Villa  Somoza  toward  Rama  was  completed  by  the 
end  of  the  fiscal  year.  Construction  under  another  C(intract  for  a  15-iuile 
section  at  the  end  of  the  12-mile  section  has  progressed  normally  during  the 
year.  Completion  will  provide  an  all-weather  road  for  123  of  the  158  miles 
of  the  Rama  Road.  The  survey  for  the  balance  of  the  road  has  been  made  and 
plans  were  nearing  completion  for  contract  construction  of  another  section. 
An  additional  sum  of  $1,500,000  was  appropriated  by  Congress  in  June  for 
continuation  of  construction. 

In  I'anama,  Publii-  Roads  has  been  assisting  the  Government  of  Panama 
in  a  reconnaissance  survey  of  a  route  to  connect  the  Inter-American  Highway 
at  Panama  City  with  the  highways  of  Colombia  and  South  America  through 
the  Darien  jiuigle.  an  almost  totally'  uninhabited  region. 

In  Ecuador,  the  Manta-Quevado  Highway  was  completed  and  the  technical 
assistance  being  provided  by  Public  Roads  in  its  construction  was  terminated 
during  the  year. 

Other  foreign  activities 

Since  the  end  of  World  War  II,  the  Bureau  of  Public  Roads  has  participated 
in  highway  activities  in  many  foreign  countries  in  cooperation  with  the  De- 
partment of  State,  the  Export-Import  Bank,  and  the  International  Bank  for 
Reconstruction  and  Development.  In  general,  the  programs  in  the  foreign 
countries  are  to  assist  in  establishing  competent  highway  departments  and 
to  develop  the  countries  by  improved  highway  connnunications. 

Activities  were  continued  during  the  fiscal  year  in  Ethiopia,  Jordan,  Liberia, 
Pakistan,  the  I'hilippines,  and  Turkey.  New  programs  were  begun  in  Iran  and 
British  Guiana  and  a  program  was  just  getting  underway  in  cooperation  with  the 
Department  of  State  for  studies  of  a  Baghdad  Pact  highway  extending  from 
Istanbul  in  Turkey  through  Ira(i  and  Iran  to  Karachi,  Pakistan. 
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Activities  in  Ethiopia. — In  February,  Public  Roads  completed  its  sixth  year 
of  supplying  management  personnel  for,  and  directing  the  activities  of  the 
Imperial  Highway  Authority.  During  the  year,  maintenance  services  have  been 
increased  over  the  3,225  miles  of  highways  comprising  the  completed  part  of 
the  present  primary  system.  An  inventory  of  present  road  facilities  was  com- 
pleted. 

Financial  support  of  the  highway  improvement  program  for  the  year,  including 
all  costs  of  the  Public  Roads  mission,  was  furnished  by  the  Ethiopian  Government. 
A  total  of  $22.7  million  has  been  supplied  since  1951  by  the  Ethiopian  Government 
to  supplement  the  original  $5  million  loan  (1951)  from  the  International  Bank 
for  Reconstruction  and  Development.  No  United  States  funds  have  been  used 
in  this  program.  The  Imperial  Highway  Authority  has  4,500  employees  of  22 
nationalities.  The  Public  Roads  staff  of  15  includes  engineers,  administrative 
officers,  and  superintendents. 

The  training  program  of  the  Imperial  Highway  Authority  has  been  materially 
increased  in  tempo.  During  the  year  training  has  been  given  to  equipment 
operators,  survey  crews,  office  workers,  and  drivers. 

Activities  in  Iran. — A  2-year  program  of  highway  maintenance  and  training 
of  highway  personnel  in  Iran  was  initiated  by  a  $5  million  credit  to  the  Govern- 
ment of  Iran  by  the  Export-Import  Bank  on  December  7,  1956.  An  agreement 
between  the  Commissioner  of  Public  Roads  for  the  United  States  and  the  Min- 
ister of  Roads  and  Communications  for  Iran  forms  the  basis  of  Public  Roads' 
Iranian  operations.  An  engineer  who  will  head  the  Public  Roads  division  office 
in  Iran  arrived  in  Tehran  on  April  24,  1957,  and  by  the  end  of  the  fiscal  year  a 
bridge  engineer  and  four  equipment  specialists  had  reported  for  duty.  Some 
30  additional  personnel  are  to  be  recruited. 

Maintenance  of  Iran's  23,000  miles  of  roads  has  been  by  hand-labor  methods 
with  an  average  of  one  man  equipped  with  a  pick  and  shovel  to  2%  miles  of 
road.  The  result,  of  course,  has  been  little  or  no  drainage,  rough  surfaces, 
and  almost  complete  deterioration  of  roads  constructed  by  armed  forces  of  the 
United  States,  Great  Britain,  and  Russia  during  World  War  II. 

American  road  construction  and  shop  equipment  was  being  purchased  for 
establishing  a  large  central  shop  and  supply  depot  in  Tehran  and  for  training 
a  highway  maintenance  organization  in  each  province.  Simultaneously  it  is 
planned  to  strengthen  the  central  highway  department  in  Tehran  and  to  introduce 
modern  highway  administration  practices. 

Activities  in  Turkey. — The  program  of  technical  and  economic  assistance  to 
Turkey  continued  throughout  the  fiscal  year.  In  the  technical  assistance  pro- 
gram emphasis  was  placed  on  equipment  maintenance  and  operation.  The  Public 
Roads  staff  averaged  10  employees.  A  total  of  $1,507,000  was  made  available 
for  economic  assistance  during  the  fiscal  year. 

The  1956  national  highway  budget  was  about  $126  million — a  substantial  in- 
crease over  previous  budgets — indicating  the  importance  placed  on  highway 
development  by  the  Turkish  Government.  User  revenue  covers  only  a  fraction 
of  this  budget.  Development  since  the  program  began  in  1947  has  resulted  in 
opening  all  sections  of  the  country  to  travel  on  all-weather  roads,  and  each  year 
has  added  a  substantial  length  of  modern  highway  to  the  system. 

Activities  in  Pakistan. — Public  Roads  engineers  have  been  advising  the  Govern- 
ment of  Pakistan  in  the  formation  of  a  highway  organization,  the  conduct  of 
highway  inventory,  condition,  and  traffic  surveys,  the  preparation  of  a  highway 
needs  stud.y,  and  the  operation  of  a  materials  laboratory  and  research  on  soil 
stabilization. 
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A  Public  Roads'  soils  engineer  worked  in  a  laltoratory  at  Lahore  and  in  the 
held,  promoting  the  use  of  available  materials  in  roadbuilding.  A  very  useful 
pamphlet  was  prepared  to  assist  villagers  in  improving  their  roads  by  their 
own  labor,  using  local  materials.  Laboratory  eijuipment  had  begun  to  arrive 
and  Pakistani  were  being  trained  in  the  use  of  the  new  apparatus.  Quality 
testing  of  fine  aggregate  was  carried  on  for  the  first  time,  and  ."iO  approved  sources 
of  aggregate  were  designated.  A  building  was  erected  and  equipi)-d  with  ma- 
chine tools  for  use  as  a  repair  shop,  and  Pakistani  were  being  trained  in  equip- 
ment repair. 

Pakistani  engineers  and  machine  operators  in  West  Pakistan  were  being 
trained  in  the  use  of  modern  machine  methods  and  locally  available  material 
on  a  demonstration  construction  project  which  will  provide  a  nmch  nee:Ied 
highway  link  through  the  old  Baluchistan  States  Union  area. 

Activities  in  the  PhiJippines. — Public  Roads  has  maintained  a  work  group 
in  the  Philippines  for  10  years.  From  1946  to  1952,  its  principal  concern  was 
the  reestablishment  of  an  adequate  highway  organization  and  the  restoration 
of  war-damaged  roads  and  bridges  under  the  Philippine  Rehabilitation  Act 
of  1946.  Since  1952  the  group,  acting  as  highway  consultants  to  the  Inter- 
national ('ooperation  Administration  and  its  predecessor  agencies,  has  con- 
tinued to  assist  the  Philippine  Bureau  of  Public  Highways  in  its  program  to 
provide  a  useful  system  of  highways  and  in  the  construction  of  development 
roads  in  ^Mindanao.  Public  Roads  has  also  assisted  in  a  joint  United  States- 
Philippine  program  of  barrio  or  village  road  construction. 

Materials  aggregating  about  $23  million  in  United  States  funds  have  been 
provided,  mostly  in  the  form  of  construction  and  maintenance  equipment  and 
bridge  steel.  Included  were  153  spans  of  utility  steel  trusses  ranging  in  length 
from  60  to  200  feet,  for  use  in  replacement  of  expensively  maintained  temporary 
wooden  structures  on  the  Philippine  highway  .system.  These  semii  ei'manent, 
single-lane  trusses  are  very  valuable  in  this  rapidly  developing  country  where 
trafHc  increases  frequently  require  replacement  ;nul  re-erection  elsewhere. 

The  training  program  of  past  years  was  continued  for  both  engineers  and 
equipment  personnel.  Roadbuilding  e(piipment  specialists  gave  instructions 
and  demonstrations  on  the  actual  operation  and  maintenance  of  equipment  in 
.''>0  provinces  and  3  cities. 

Highway  improvement  continued  at  an  accelerated  rate.  The  impriiven:ent 
of  present  roads  and  the  opening  up  of  settlements  and  areas  heretofore  in- 
accessible will  continue  to  benefit  agriculture,  mining,  irrigation,  and  water 
resources,  as  well  as  internal  and  external  national  defense.  During  the  year, 
655  miles  of  primary  highways  were  improved,  and  133  miles  were  under  con- 
struction at  the  close  of  the  year.  Completion  of  868  miles  of  barrio  (village) 
roads,  with  another  604  miles  under  construction,  is  bringing  new  hope  to  rural 
people  previously  isolated  l>y  the  lack  of  a  transportatiou  network.  Highway 
improvement  on  the  Island  of  Mindanao,  rich  in  natural  resources  and  agri- 
cultural potentialities,  was  severely  hami)ered  by  heavy  unseasonal  rains. 
Even  with  these  handicaps.  68  miles  of  highways  were  completed,  making  the 
total  to  date  of  202  miles,  with  10(5  miles  under  construction  on  June  30. 

Activities  in.  Jordan. — Public  Roads  has  assisted  Jordan  with  its  road  pro- 
gram since  1952.  Construction  work  during  the  past  year  was  concentrated 
on  projects  initiated  in  prior  years.  Two  sections  on  the  proposed  Jordan 
primary  highway  system  were  under  development:  A  115-nule  east-west 
route  connecting  Jerusalem  with  the  liaghdad  highway  at  a  point  59  miles 
east  of  Amman,  and  a  59-mile  north-south  route  from  the  Syrian  border  near 
Ranitlia     to    a    juncti(ui    with    the    Baghdad-Jerusalein    east-west    route    near 
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Ka'ur.  Progress  in  construction  was  below  tluit  anticipated,  largely  clue  to 
disruption  during  a  period  of  political  luirest  and  disturbance  in  the  area. 

Vehicle  registration  in  Jordan  during  the  4-year  period  since  1952  has  in- 
creased 40  percent.  Completion  of  the  two  previously  mentioned  routes  will 
facilitate  movement  of  traffic  between  important  industrial,  agricultural,  and 
populated  centers  of  Jordan  and  international  trade  centers. 

The  road  program  has  had  a  large  impact  on  the  economy  of  Jordan  through 
an  average  employment  of  5,000  people  in  addition  to  extensive  expenditures 
for  equipment,  materials,  and  supplies. 

Activities  in  British  Guiana. — On  February  4,  1957,  an  agreement  between 
the  Bureau  of  Public  Roads,  the  International  Cooperation  Administration,  and 
British  Guiana  provided  for  implementing  the  recommendations  made  under  a 
previous  survey  by  Public  Riads  of  the  highway  neeils  of  the  country.  Con- 
sultation and  advice  is  to  be  provided  the  Government  of  British  Guiana  in 
establishing  a  highway  organization  and  initiating  construction  and  main- 
tenance units. 

As  a  result  of  the  previous  survey,  recommendations  of  appointments  have 
been  made  of  a  chief  highway  engineer  and  a  soils  engineer,  and  engineers  for 
location,  design,  construction,  and  maintenance  were  being  recruited.  Crews 
were  surveying  the  Parika-Bartica  and  Mahdia-Lethem  routes.  A  testing 
laboratory  was  completed  and  partially  equipped  and  the  improvement  of  the 
Bartica-Potaro  road  was  started.  The  operations  of  the  highway  department 
are  at  present  handled  by  the  Director  of  Public  Works. 

Activities  in  Liberia. — A  materials  engineer  was  added  to  the  Public  Roads 
staff  in  Liberia  and  a  modern  materials  laboratory  was  being  set  up.  On-the- 
job  training  was  being  carried  out  in  all  phases  of  highway  work. 

The  opening  of  new  roads  and  the  improvement  and  maintenance  of  feeder 
roads  in  Liberia  have  given  impetus  to  other  programs  in  such  tields  as  edu- 
cation, public  health,  and  agriculture.  Better  communications  are  made  pos- 
sible which  aids  internal  administration. 

New  construction  by  contract  completed  during  the  fiscal  year  included  13 
miles  of  asphalt  paving,  26  miles  of  grading,  and  the  construction  of  20  struc- 
tures and  approaches  on  the  main  highway  leading  into  the  interior.  Some 
14  miles  of  road  were  improved  in  width  and  surface  by  maintenance  forces 
using  equipment  owned  by  the  Liberian  Division  of  Highways. 

Approximately  515  miles  of  primary  highways  were  under  machine  mainte- 
nance and  76  miles  of  secondary  highways  were  under  hand  maintenance. 

An  equipment  depot  to  house  all  shop  and  warehouse  activities  was  com- 
pleted. The  Department  of  Public  Works  and  Utilities  also  completed  a  new 
office  building  of  which  the  Division  of  Highways  occupies  one  wing. 

Highway  Safety 

The  Bureau  of  Public  Roads  was  more  actively  engaged  in  highway  safety 
during  the  fiscal  year,  partly  because  of  new  legislation  requiring  it  to  make  a 
full  study  of  the  problem  and  report  to  Congress  (as  discussed  in  another  section 
of  this  I'eport),  and  partly  because  of  earlier  legislation  directing  it  to  assist  in 
the  promotion  of  the  action  program  for  States  and  municipalities. 

Public  Roads  is  carrying  on  both  requirements  in  part  through  increased 
cooperation  with  the  President's  Committee  for  Traffic  Safety.  With  about  35 
other  national  organizations,  it  has  joined  the  technical  council  advisory  to  the 
President's  Committee,  and  has  utilized  the  counciUs  research  committee  as  a 
review  board  for  its  special  investigation.  Public  Roads  has  also  participated 
as  a  member  of  the  council's  public  relations  committee  on  highways  in  the 
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preparation  of  a  special  educational  campaign  by  the  President's  Committee  to 
gain  public  support  for  safety-design  standards  such  as  controlled  access  in  the 
construction  of  the  Interstate  System. 

Public  Roads  continues  to  staff  the  headquarters  office  of  the  President's  Com- 
mittee and  to  provide  printing,  supplies,  travel,  and  transportation.  During  the 
liscal  year,  it  supported  two  of  the  Committee's  traffic-safety  seminars  for  State 
officers  of  women's  and  parents'  organizations. 

In  other  fields  related  to  safety,  Public  Roads  cooperated  with  the  American 
Association  of  Motor  Vehicle  Administrators  in  the  development  of  uniform 
registration  procedures  and  records  among  the  States ;  and  with  the  National 
Committee  on  Uniform  Traffic  Laws  and  Ordinances  in  its  continuing  studies 
and  promotion  of  the  Uniform  Vehicle  Code,  which  provides  a  reliable  guide 
for  use  of  State  legislatures  in  the  development  of  nationwide  uniform  traffic 
regulation. 

Administration   and  Management 

In  recognition  of  the  increased  responsibilities  involved  in  the  administration 
of  the  Federal-Aid  Highway  Act  of  1956,  the  Congress  enacted  legislation  ap- 
proved August  3,  1956,  providing  that  the  Bureau  of  Public  Roads  be  headed  by 
a  Federal  Highway  Administrator  appointed  by  the  President  by  and  with  the 
advice  and  consent  of  the  Senate.  On  October  12,  1956,  the  White  House 
announced  that  when  Congress  reconvened  in  January,  nomination  to  the 
position  would  be  submitted  of  Mr.  Bertram  D.  Tallamy.  Chairman  of  the  New 
York  State  Thruway  Authority  and  previously  Superintendent  of  Public  Works 
of  New  York  State.  Pending  Mr.  Tallamy's  availability  and  Senate  confirma- 
tion, Mr.  John  A.  Volpe,  formerly  Commissioner  of  Public  Works  for  Massa- 
chusetts, was  appointed  by  the  President  on  October  12  as  interim  Administrator, 
and  was  sworn  into  office  on  October  22.  He  relinquished  the  position  to  Mr. 
Tallamy  on  February  1,  the  date  of  the  latter's  confirmation  by  the  Senate. 
Mr.  Tallamy  was  formally  sworn  into  office  on  February  5. 

The  same  act  provided  that  there  shall  [continue  to]  be  a  Commissioner  of 
Public  Roads,  appointed  by  the  Secretary  of  Commerce.  Mr.  Charles  D.  Curtiss, 
Commissioner  since  January  14,  1955,  was  confirmed  in  that  position  under  the 
new  act  by  Secretary  of  Commerce  Sinclair  Weeks. 

Actions  initiated  immediately  after  the  passage  of  the  Federal-Aid  Highway 
Act  of  1956  were  continued  and  intensified  during  Mr.  Volpe's  interim  period 
of  service  and  thereafter  under  Mr.  Tallamy's  direction,  to  get  the  huge  new 
program  underway  and  to  assure  its  accelerated  progress.  A  general  plan  of 
reorganization  of  the  Bureau  of  Public  Roads  to  permit  more  efficient  ad- 
ministration of  the  program  was  approved.  Additional  responsibility  and 
authority  were  delegated  to  field  offices  to  provide  for  further  streamlining 
of  operations.  Policies  clearly  enunciating  actions  and  duties  at  all  levels  of 
authority  were  established.  Ambitious  but  realistic  goals  were  established  for 
the  States  to  reach  in  initiating  and  carrying  out  the  programs  authorized  by 
the  legislation. 

Stemming  from  the  newly  defined  policies  and  operating  principles,  additional 
actions  of  an  administrative  and  managerial  nature  were  initiated.  In  the 
previous  fiscal  year,  a  basic  organization  plan  was  prescribed  for  the  district 
offices  which  are  located  in  each  State.  In  the  fiscal  year  1957,  a  similar 
organizational  plan  was  developed  and  put  into  effect  for  the  division  offices,  each 
of  which  guides  the  Federal-aid  programs  in  from  4  to  8  States.  To  bring  the 
names  of  the  field  offices  into  harmony  with  terminology  used  by  many  other 
Federal  agencies,  the  divisions  became  "regions"  and  districts  became  "divisions." 
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Attention  was  focused  during  the  year  on  review  of  tlie  organizational  struc- 
ture of  the  headquarters  office  in  Wasliiiigton  to  complement  the  field  organiza- 
tion. Much  was  accomplished  during  the  year  in  the  headquarters  oflice 
reorganization,  regrouping  of  functions,  and  clarification  of  responsibilities  and 
authority,  and  completion  of  these  objectives  was  set  as  goals  to  be  accomplished 
during  the  fiscal  year  1958.  The  studies  underway  gave  consideration  to  new 
concepts  of  headquarters  ofiice  responsibilities  in  terms  of  providing  national 
leadership  in  administering  the  program  in  all  of  its  ramifications.  Changes  in 
organizational  nomenclature  and  titles,  and  realinement  of  functions  were 
adopted  to  conform  with  recommended  organizational  patterns  and  to  provide 
more  realistic  structural  uniformity. 

From  these  actions  there  emerged  five  basic  groupings  of  major  functions :  the 
oflice  of  engineering,  the  ofl[ice  of  operations,  the  office  of  administration,  the 
office  of  research,  and  the  office  of  the  general  counsel  which  became  the  suc- 
cessor entities  to  the  former  engineering,  finance  and  management,  research,  and 
legal  divisions  of  the  Washington  headquarters  organization.  The  titles  of  the 
offices  explain  their  general  functions  except,  perhaps,  the  office  of  operations, 
which  has  responsibility  for  several  functions  outside  the  orbit  of  the  cooperative 
Federal-State  highway  programs.  Changes  were  being  made  in  designations 
of  organizational  subdivisions,  consistent  with  the  basic  patterns  thus 
established. 

Greater  activity  and  increased  Federal  participation  in  the  acquisition 
of  rights-of-way  dictated  the  establishment  of  a  separate  division  to  cope  with 
the  administrative  and  engineering  aspects  of  right-of-way  matters  and  related 
problems,  as  distinguished  from  legal  aspects.  Still  another  organizational  unit 
was  established  to  carry  on  developmental  work  and  studies  for  the  purpose 
of  finding  and  promoting  ways  in  which  the  results  of  research  from  any  source 
can  be  applied  or  adapted  to  Federal,  State,  and  other  highway  programs.  An 
electronic  computer  was  ordered,  and  a  branch  was  established  to  provide 
electronic  and  electro-mechanical  data  processing  services  and  automatic  com- 
putation facilities  for  application  to  procedures  and  mass  data  problems. 

The  need  for  more  effective  personnel  administration  was  met  by  strengthen- 
ing the  responsible  organizational  unit  through  appointment  of  qualified  experts 
in  the  fields  of  classification,  employee  utilization,  and  training,  and  through 
development  of  improved  recruitment,  placement,  and  training  techniques.  De- 
centralization of  accounting  and  disbursement  functions  was  accomplished  for 
better  fiscal  control  at  operating  levels,  and  as  a  means  of  minimizing  delays  in 
reimbursing  the  States  to  enable  them  in  turn  to  meet  their  obligations  to 
contractors. 

Substantial  savings  in  administrative  costs  were  realized  during  the  fiscal 
year  from  management  improvement  actions.  Additional  savings  resulting  from 
the  technical  improvement  efforts  of  Public  Roads  engineering  personnel  accrued 
jointly  to  the  Federal  Government  and  the  States. 

During  consideration  of  legislation  and  after  the  passage  of  the  Federal-Aid 
Highway  Act  of  1956,  the  historic  relation  between  the  Federal  Government 
and  the  States  in  connection  with  the  Federal-aid  program  received  careful 
examination  by  the  Congress  as  well  as  by  Public  Roads  and  State  highway 
administrators.  With  the  completion  of  the  Interstate  System  authorized  as 
a  long-range  program  and  the  Federal  share  of  the  cost  increased  to  90  percent, 
and  the  regular  Federal-aid  program  greatly  enlarged  in  scope,  it  was  recognized 
by  all  concerned  that  the  utmost  vigilance  would  be  required  in  insuring  that 
Federal  funds  are  expended  properly  and  judiciously.  Consequently  a  project 
examination  division  was  established  in  the  Bureau  of  Public  Roads  to  audit 
and  spot  check  both  Public  Roads  and  State  operations  in  all  aspects  of  the 
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Federal-aid  program,  including  engineering.  cDnstruetion.  and  right-of-way 
acquisition.  The  divi.sion  will  ascertain  if  such  operations  are  in  compliance 
with  established  policies  and  procedures,  and  will  make  recommendations 
for  corrections  of  deficiencies,  changes  in  procedures,  and  improvement  of 
operations. 

Public  Roads  continued  to  inci'ease  the  efficiency  and  productivity  of  its 
engineering  and  adnunistrative  personnel  by  conducting  in-service  training 
programs.  During  the  fiscal  year,  1,963  Public  Roads  employees  attended  con- 
ferences which  were  jiartially  or  completely  devoted  to  staff  education  and 
development.  Also,  Public  Roads  gave  57  of  its  employees  on-the-job  training 
and  conducted  a  junior  engineer  training  program  for  76  junior  engineers  and 
48  engineering  aids.  As  the  year  ended,  72  new  college  graduates  entered  the 
3-year  junior  engineer  training  program. 

Development  of  New  Practices 

To  foster  improved  and  more  economical  highway  practices,  and  to  overcome 
the  problem  of  the  shortage  of  engineering  manpower.  Public  Roads  has  ex- 
plored many  fields  in  its  efforts  toward  development  of  new  and  improved 
methods,  practices,  equipment,  materials,  products,  and  procedures,  and  to 
promote  the  use  of  such  developments  into  all  highway  programs. 

Electronic  computers 

An  important  activity  in  the  past  few  years  has  been  the  development  of 
applications  for  electronic  computers  as  a  means  of  expediting  highway  engi- 
neering operations  and  increasing  highway  engineering  productivity.  In 
cooperation  with  the  State  highway  departments  and  other  organizations.  Public 
Roads  has  undertaken  the  development  of  a  library  of  electronic  computer 
"programs"  for  the  solution  of  highway  engineering  problems.  A  "program" 
is  a  detailed  set  of  instructions  regarding  the  feeding  of  data  into  the  computer, 
and  the  sequences  of  operations  to  be  performed  by  the  machine,  in  order  to 
obtain  the  desired  solution  to  a  specific  problem. 

In  addition  to  programs  developed  by  Public  Roads,  programs  have  been 
received  from  State  highway  departments,  consulting  engineers,  universities, 
and  many  segments  of  industry,  and  have  been  reviewed  and  tested.  All  such 
programs  become  part  of  the  central  librar.v  and  are  available  to  any  highway 
department  or  other  cooperating  agency  which  has  use  for  them. 

Progress  has  been  such  that  3")  State  highway  departments  have  decided  to 
use  electronic  computers.  Most  of  the.se.  including  the  Bureau  of  Public  Roads, 
were  accomplishing  some  of  their  computations  electronicall.v.  Others  were 
in  the  process  of  buying  computers  or  arranging  to  have  computations  per- 
formed at  one  of  the  computer  service  centers  located  in  a  growing  number 
of  cities. 

In  order  to  coordinate  and  disseminate  information  on  these  developments 
and  others.  Public  Roads  sponsored  two  regional  conferences  during  the  year, 
in  Atlanta  and  Los  Angeles.  The  latter  conference  was  attended  by  nearly  500 
highway   officials,   engineers,   contractors,   and   manufacturers. 

In  a  closely  allied  project,  I'ublic  Roads  has  joined  with  the  Massachusetts 
Department  of  Public  Works  and  the  Massachusetts  Institute  of  Technology  in 
studies  seeking  to  develop  a  linkage  of  photogranunetry  and  electronic  com- 
puters into  an  automatic  data  processing  operation.  Such  a  system  would 
permit  a  more  complete  evaluation  of  the  impact  of  alternate  route  locations  and 
design  features  on  relative  highway  construction,  maintenance,  and  operation 
costs,  on  relative  highway-user  benefits,  and  other  economii'  factors  than  here- 
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tofore   possible   because    of    the    engineering    time    required    for    malting   such 
comparisons  manually. 

Construction 

Twenty-five  new  experimental  projects  involving  Federal-aid  funds  were  under- 
taken by  the  States  during  the  year.  These  projects  concerned  such  timely  sub- 
jects as  reinforced  concrete  pavement,  rubberized  asphalt  surface  and  seal 
treatments,  and  cement  and  lime  stabilized  bases.  Approximately  260  experi- 
mental projects  were  under  observation  during  the  year.  Observation  on  3-5 
experimental  projects  was  completed. 

Efforts  toward  improving  construction  efficiency  in  the  highway  industry 
were  continued.  Practices  in  the  several  States  in  regard  to  relocation  of  utilities 
effected  by  construction,  the  method  of  handling  traffic  during  construction,  and 
the  effect  of  certain  plan  and  specification  details  on  construction  were  reviewed. 
Worthwhile  observations  and  conclusions  were  disseminated  to  the  States. 

A  study  of  equipment  requirements  for  highway  construction  and  maintenance 
was  prepared  for  the  International  Road  Federation  and  has  been  published  in 
three  languages  by  that  organization. 

A  study  has  been  undertaken  to  develop  recommendations  to  further  expedite 
the  highway  program  through  plan  simplification,  lump-sum  bidding,  more  ex- 
tensive use  of  standard  plans  and  specifications,  and  reduction  of  unnecessarily 
restrictive  provisions  on  the  methods  and  equipment  employed  by  highway  con- 
tractor's. 

During  the  latter  part  of  1954,  Public  Roads  assisted  the  American  Road 
Builders"  Association  in  the  preparation  of  reports  on  the  ability  and  readiness 
of  each  segment  of  the  highway  industry  to  undertake  a  greatly  expanded  high- 
way construction  program.  The  actual  launching  of  the  program  has  greatly 
increased  the  value  of  these  studies  and  during  the  year  the  Association,  with 
Public  Roads  assistance,  prepared  and  issued  revised  reports. 

AASHO  Road  Test 

Previous  annual  reports  have  described  the  AASHO  Road  Test  in  Illinois,  a 
substantial  cooperative  investigation  of  the  performance  of  concrete  and  bitu- 
minous pavements  and  highway  bridges  subjected  to  varied  weights  of  controlled 
traffic.  The  test  is  being  sponsored  by  the  American  Association  of  State  High- 
way Officials  and  administered  by  the  Highway  Research  Board.  The  esti- 
mated $20-million  cost  is  being  financed  by  the  State  highway  departments,  the 
Department  of  Defense,  the  Automobile  Manufacturers  Association,  the  petro- 
leum industry,  and  the  Bureau  of  Public  Roads.  In  addition.  Public  Roads  is 
providing  personnel,  equipment,  and  services.  Bureau  engineers  have  partici- 
pated in  the  planning,  design,  and  many  technical  matters,  have  developed  and 
built  special  testing  apparatus  and  equipment,  and  have  performed  many  labo- 
ratory tests  of  materials. 

General  direction  of  all  activities  is  through  an  advisory  committee  and 
special  panels  for  each  phase  of  the  undertaking.  The  project  staff  has  been 
recruited  from  highway  departments,  research  organizations,  and  universities 
and,  with  the  task  force  of  the  Illinois  Division  of  Highways  in  charge  of 
construction,  has  constituted  a  force  ranging  from  140  to  220  engineers,  scien- 
tists, and  administrators  resident  on  the  site  of  the  new  administration  build- 
ing between  Ottawa  and  La  Salle,  111. 

Grading,  drainage,  and  substructures  for  bridges  and  overpass  s  have  been 
substantially  completed  during  the  past  fiscal  year.  Considerable  progress  was 
also  made  in  the  development  of  instrumentation  and  special  apparatus  to  assist 
in  recording  measurements  and  appraising  results  of  the  tests. 
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At  the  May  17  bid  opening  in  Illinois,  only  one  bid  was  received  for  placing 
of  concrete  and  bituminous  paving  of  the  836  separate  test  sections  included 
in  the  6  test  loops.  The  bid  was  substantially  in  excess  of  the  engineers'  esti- 
mate and  was  rejected  because  the  amount  exceeded  the  funds  available  for 
constructing  the  project. 

At  year's  end,  steps  were  being  taken  by  the  AASHO,  the  State  of  Illinois, 
and  Public  Roads  to  seek  additional  financing,  to  review  specifications  with  a  Tiew 
to  obtaining  all  possible  savings  in  construction  cost  without  sacrificing  research 
requirements,  and  to  consider  proposals  designed  to  increase  competition  by  re- 
advertising  the  work  in  a  series  of  lesser  contracts. 

A  June  7  release  of  the  Highway  Research  Board  states  that  "this  unavoidable 
delay  in  the  start  of  test  trafiic  can  be  profitably  utilized  *  *  *  for  further  exper- 
imentation on  the  system  of  electronic  instruments  which  will  collect  data  from 
the  test  pavement.  In  other  words,  the  delay  may  serve  to  make  the  AASHO 
Road  Test  an  even  better  experiment." 

Financial  and  Administrative  Research 

Administrative  studies 

Work  in  the  field  of  administrative  studies  during  the  year  included  the 
following :  An  organization  and  management  study  of  the  Iowa  State  High- 
way Commission,  requested  by  State  officials ;  a  study  of  engineering  man- 
power in  cooperation  with  the  Highway  Research  Board,  which  will  publish 
the  report ;  a  study  of  the  organization  of  county  and  local  highway  agencies ; 
and  the  revision,  as  of  July  1,  1957,  of  tables  listing  directing  organizations  of 
State  highway  departments  and  salary  ranges  of  principal  officials.  Technical 
assistance  in  management  planning  was  given  in  pilot  studies  in  individual 
cities  selected  by  the  National  Committee  on  Urban  Transportation. 

Land  acquisition,  highway  laws,  and  related  studies 

Studies  of  the  economic  impact  of  highway  improvements  on  land  values 
and  land  uses  were  continued.  In  addition  to  their  bearing  on  the  problems 
of  highway  taxation,  these  studies  are  useful  in  acquainting  the  public  with 
the  effects  of  highway  improvements  such  as  expressway  and  bypass  facilities, 
in  right-of-way  acquirement,  and  in  the  conduct  of  public  hearings  required 
under  the  Federal-Aid  Highway  Act  of  1956. 

A  survey  of  the  salaries  of  persons  engaged  in  the  acquisition  of  rights-of- 
way  for  highways  and  other  public  purposes  was  instituted  in  cooperation 
with  the  Highway  Research  Board,  the  American  Right-of-Way  Association, 
and  the  American  Association  of  State  Highway  Officials.  Its  purpose  is  to 
determine  whether  such  salaries  have  kept  pace  with  those  of  other  govern- 
mental and  quasi-governmental  organizations. 

The  study  of  urban  parking  problems  was  continued,  as  was  the  service  of 
providing  technical  assistance  on  the  legal,  administrative,  financial,  and  eco- 
nomic phases  of  establishing  parking  facilities  in  municipalities.  Technical 
assistance  was  also  given  to  State  highway  departments  and  other  agencies  on 
problems  in  right-of-way  acquisition,  roadside  protection,  and  control  of  high- 
way access. 

A  preliminary  report  pertaining  to  statutory  declarations  of  legislative  policy 
on  highways  was  completed  during  the  year  as  a  part  of  a  comprehensive  study 
of  highway  laws — a  cooperative  project  of  the  Highway  Research  Board  and 
the  Bureau  of  Public  Roads.  Other  reports  in  process  include  studies  of  land 
acquisition,  highway  system  classification,  Federal-aid  and  intergovernmental 
relations,  and  constitutional  provisions  relating  to  highway  matters. 
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A  program  of  assistance  to  States  in  connection  witli  State  higliway  law 
surveys  was  continnetl. 

Highway  cost  studies 

An  analysis  was  made  during  the  year  of  the  life  of  dollars  invested  in 
grading,  surfacing,  and  structures.  In  this  work  depreciation  rates  of  the 
various  elements  of  the  highway  were  derived  froiu  data  on  construction  costs 
and  salvage  supplied  by  eight  States.  Analytical  estimates  of  highway  needs 
in  three  States  were  based  on  the  relatiou  between  the  growth  trends  in  traf- 
fic and  corresponding  growth  trends  in  highway  investment.  A  paper  pre- 
sented at  the  annual  meeting  of  the  Highway  Research  Board  discussed  the 
effect  of  traffic  growth  projections  upon  estimates  of  highway  needs  and  revenue. 
An  estimate  of  the  annual  and  cumulative  investment  in  the  several  road  and 
street  systems  from  1914  to  the  present  day  is  now  in  progress. 

High-speed  computer  programs  are  being  designed  for  solving  certain  high- 
w^ay  cost  research  problems.  Preliminary  trial  runs  give  promise  of  substantial 
savings  in  time  and  cost.  New  areas  of  research  will  be  opened  as  a  result 
of  increased  flexibility  in  arraying  cost  and  investment  data  and  investigating 
relations  between  numerous  variables. 

Production  cost  studies 

Several  studies  were  completed  and  others  continued  during  the  year  in 
research  on  efficiency  and  economy  in  highway  construction  and  maintenance. 
Three  detailed  unit  cost  studies  were  completed :  two  on  bridge  construction 
and  one  on  grading  and  paving  work.  Field  work  was  continued  on  another 
unit  cost  study  involving  several  types  of  bridges.  Four  other  fl3ld  studies 
were  completed  on  equipment  time  utilization,  performance  characteristics,  and 
production  rates.  A  special  analysis  w^as  started  on  possible  savings  in  cost  and 
time  of  construction  by  precasting  box  culverts. 

A  30-minute  motion  picture,  Lost  Prodiiction  in  Highicay  Construction,  was 
completed  and  widely  distributed  among  highway  engineering  and  construction 
groups.  This  film  briefly  covers  scraper  and  shovel  excavation,  bituminous 
paving,  and  portland  cement  concrete  paving.  It  deals  with  performance  char- 
acteristics and  significant  time  losses  from  typical  recurring  small  delays  for 
several  major  types  of  construction  equipment.  Extensive  work  was  also 
completed  for  four  additional  films  of  similar  nature. 

Finance  and  taxation  studies 

Work  in  highway  taxation  during  the  year  included  continuation  of  the  study 
of  so-called  third-structure  taxes  on  commercial  motor  vehicles  and  the  pro- 
duction of  a  report  on  the  total  and  average  payments,  in  1954  and  195-5,  of 
State  road-user  taxes  by  motor  vehicles  in  different  type  and  weight  groups. 
Consultative  assistance  was  given  in  State  studies  of  highway  finance  and 
taxation  in  four  States.  These  projects  all  involved  studies  of  the  allocation 
of  highway  tax  burdens  and  the  development  of  revenue  structures  adequate  to 
finance  expanded  highway  programs. 

During  the  year  the  annual  Highivaij  Statistics  volume  (for  1955)  was  pub- 
lished. Another  publication,  Highway  Statistics,  Summary  to  1955,  was  nearing 
completion.  This  bulletin  will  report  motor  vehicle,  motor  fuel,  taxation, 
finance,  and  mileage  data  from  the  earliest  years  of  record  through  1955. 

The  continued  analysis  of  local  road  and  street  finance  data  reported  annually 
by  the  States  was  productive  of  a  report  of  receipts,  disbursements,  and  debt 
status  of  all  governmental  units  for  highway  purposes  in  the  years  1947-56, 
and  of  State-by-State  tables  of  local  rural  and  urban  highway  finances.    Further 
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progress  was  made  on  an  urban  street  iinance  bulletin  covering  the  years 
1937-53.  A  review  of  developments  in  highway  tinance  during  1956  was  also 
prepared  and  published. 

Technical  assistance  was  given  in  various  forms  to  the  National  Committee 
on  Urban  Transportation  in  its  work  on  urban  transportation  planning. 

Highway  Transport  Research 

Road  inventory  and  mapping 

To  provide  a  continuing  basis  for  studying  the  needs  and  deticiencies  of  the 
entire  road  network,  data  were  obtained  in  a  continuing  inventory  process  in 
42  States,  Hawaii,  and  Puerto  Rico.  This  information  is  used  in  appraising 
the  performance  and  adequacy  of  the  several  highway  systems.  AVork  of  in- 
ventorying highway  conditions,  together  with  business,  industrial,  and  other 
developments  along  them,  was  accomplished  by  State  highway  departments 
with  Federal  assistance. 

Mapping  activities  resulting  from  State  planning  surveys  included  the  prep- 
aration and  publication  of  19  State  general  highway  maps,  37  State  traffic  maps, 
295  county  general  highway  maps.  383  county  traffic  maps.  731  maps  of  in- 
corporated places,  40  city  traffic  maps,  and  103  urban  area  maps. 

Traffic  volume,  classification,  and  weight  information 

The  most  intensive  traffic  counting,  weighing,  and  classification  programs 
undertaken  since  the  original  surveys  in  1930  were  inaugurated  this  year. 
Information  is  being  collected  to  show  the  vehicle-miles  of  travel  by  t.vpe  of 
vehicle  on  the  Federal-aid  Interstate,  primar.v,  and  secondary  systems  and  on 
all  other  mileage  for  both  rural  highways  and  lu-ban  streets.  Never  before  has 
such  a  complete  schedule  of  traffic  counts  been  planned  in  urban  areas. 

At  several  hundred  thousand  stations,  traffic  will  be  mechanically  counted 
from  24  to  96  or  more  hours  throughout  the  country  on  the  Federal-aid  systems 
and  other  roads,  both  rural  and  urban.  These  counts  are  in  addition  to  those 
at  the  more  than  1,400  locations  where  traffic  is  counted  continuously  b.v  auto- 
matic traffic  recorders. 

Vehicle  weight  information  is  to  be  obtained  at  approximately  1,800  weight 
stations  throughout  the  country  to  furnish  factual  records  concerning  the 
frequency  of  axle  loads  of  various  weights  and  total  weights  of  vehicles  on 
the  Federal-aid  systems,  both  rural  and  urban.  This  will  supplement  the  500 
regular  stations  that  are  operated  yearly,  mostly  on  main  rural  highways. 

At  the  close  of  the  'fiscal  year,  6.300  classification  stations  had  l>een  selected 
in  36  States,  and  selection  of  stations  in  the  remaining  States,  Alaska,  Hawaii, 
and  Puerto  Rico  was  underway.  Most  of  the.se  stations  will  be  operated  for 
24  hours  in  each  season.  Detailed  type-of-vehicle  information  will  be  recorded 
at  these  stations. 

From  data  collected  during  the  year,  it  was  found  that  rural  travel  in  the 
calendar  year  1956  had  increased  4. IS  percent  over  1955,  while  the  more  slowly 
growing  travel  in  cities  increased  3.1  percent.  All  traffic,  rural  and  urban,  in- 
creased 4.0  percent. 

Preliminary  analysis  of  truck-weight  data  indicates  that  truck  travel  on 
main  rural  roads  had  increased  5.5  percent  and  ton-miles  of  cargo  transported 
on  these  roads  had  increased  11.1  percent.  This  substantial  change  resulted 
from  both  an  increase  in  the  load  carried  and  from  an  increase  in  the  fre- 
quency of  loaded  trucks. 

Statistical  techniques  developed  in  the  Washington  office  for  the  objective 
evaluation    of   efficiency   of   traffic-counting   procedures   were   applied    in    eight 
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states  during  the  year,  with  substantial  improvements  in  efficiency  resulting. 
Sample  sizes  for  truck  weighing  were  determined  and  research  was  conducted 
to  establish  the  duration  of  traffic  counts  and  means  of  obtaining  data  on  traf- 
fic pattern  variations  for  maximum  efficiency.  Investigations  were  begun  into 
the  possibility  of  improvement  of  techniques  in  origin  and  destination  sampling 
methods. 

Traffic  studies  in  cities 

During  the  year  comprehensive  home-interview  studies  of  travel  and  vehicle 
use  were  conducted  in  14  metropolitan  areas,  of  which  4  were  repeat  surveys. 
Comprehensive  studies,  to  date,  include  123  areas  plus  8  repeat  surveys. 

Field  work  for  the  largest  travel  and  vehicle-use  study  ever  undertaken  was 
completed  in  the  Chicago  area  and  analysis  of  the  data  is  now  underway.  In 
this  study  Public  Roads  is  participating  in  the  development  of  electronic  equip- 
ment, using  the  cathode-ray  tube  in  conjunction  with  photographic  equipment 
and  a  high-speed  computer,  to  present  a  composite  picture  of  the  urban  traffic 
pattern  through  mechanical  analyses. 

Plans  were  being  made  to  launch  large-scale  studies  in  the  Philadelphia  and 
Pittsburgh  areas,  sihiilar  to  that  underway  in  Chicago. 

In  the  recent  surveys,  land  use  is  being  correlated  with  trip  generation,  and 
this  should  provide  a  means  to  keep  the  data  up  to  date  for  the  years  between 
repeat  studies,  and  aid  greatly  in  projecting  them  into  the  future.  With  the 
aid  of  electronic  equipment,  research  is  underway  to  test  formulae  and  de- 
velop factors  for  use  in  forecasting  future  travel. 

Urban  highway  planning 

The  comprehensive  metropolitan  area  origin-and-destination  traffic  surveys 
continue  to  provide  valuable  basic  research  data  with  which  to  investigate  and 
develop  urban  highway  planning  techniques.  Information  froiii  the  1948  and 
1955  surveys  of  Washington.  D.  C.,  has  been  compared  to  test  forecasts  of  trips 
per  dwelling  imit  with  automobile  ownership  and  other  related  factors.  Com- 
parative analyses  of  numerous  household  data  for  the  two  periods  indicate 
that  travel  patterns  and  trends  are  related  to  the  trends  in  population,  dwelling 
units,  automobiles  owned,  and  various  ratios  of  these  factors.  Other  studies 
have  correlated  work  trips  to  industrial  areas  with  the  labor  force  employed 
there.  Results  of  analytical  studies  were  provided  for  estimating  and  fore- 
casting trip  ends  in  ]-esidential  land-use  areas.  Additional  studies  are  continuing 
on  trip  correlation  'vith  oth?r  types  of  land  use. 

An  increasing  m^iiber  of  studies  were  started  in  various  States  to  develop 
data  by  which  the  impact  of  highway  improvements  upon  urban  areas  can  be 
determined.  Such  itudies  include  measurement  and  correlation  of  the  rate  of 
growth  of  land  devtlopment  and  of  traffic  as  affected  by  new  highway  facilities. 
These  studies  should  improve  traffic  forecasting  results.  Assistance  to  various 
States  and  urban  areas  was  provided,  particularly  in  the  coordination  of  urban 
highway  planning  and  analysis  results. 

Motor-vehicle-use  stvidies 

Studies  of  motor-vehicle  use,  conducted  in  cooperation  with  the  State  highway 
departments,  were  continued  during  the  year.  These  studies  provide  such  infor- 
mation as  estimates  of  total  vehicle  travel,  classified  according  to  rural  and  urban 
ownership  of  vehicles,  proportion  of  travel  on  the  various  highway  systems, 
methods  of  transportation  used  for  home-to-work  travel,  and  frequency  and 
length  of  trips.  The  information  is  useful  in  the  solution  of  highway  planning 
and  financing  problems. 
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At  tlie  close  of  the  fiscal  year,  field  work  for  such  studies  had  heeu  completed 
in  21  States  and  Hawaii,  was  in  progress  in  2  additional  States,  and  preliminary 
arrangements  for  a  study  had  been  made  in  another  State. 

Analysis  of  information  contained  in  19  reports  was  in  progress.  From  study 
of  some  of  these  reports  it  was  found  that  approximately  92  percent  of  all  pas- 
senger-car and  truck  travel  was  performed  in  the  State  of  residence.  The  aver- 
age length  of  all  passenger-car  trips  was  8.5  miles,  and  for  all  truck  trips,  10.1 
miles.  Considerable  range  in  length  of  one-way  trips  was  found  when  trips  were 
grouped  by  purposes.  Trips  for  educational,  civic,  and  religious  purposes  aver- 
aged 4.4  miles,  trips  for  family  business  averaged  .5.4  miles,  those  related  to  earn- 
ing a  living  averaged  7.9  miles,  and  social  and  recreational  trips,  including  vaca- 
tion trips,  averaged  15.6  miles.  The  average  occupancy  per  passenger-car  trip 
ranged  from  1.3  persons  for  trips  pertaining  to  earning  a  living  to  2.5  for  social 
and  recreational  trips. 

Economic  cost  of  motor-vehicle  accidents 

Comiirehensive  studies  of  the  economic  cost  of  motor-vehicle  accidents  were 
underway  in  three  States.  For  the  first  time,  the  direct  annual  costs  of  traffic 
accidents  to  passenger-car  owners  and  the  occupants  and  pedestrians  involved 
have  been  determined  in  detail,  for  an  entire  State  (Massachusetts).  These  costs 
Were  correlated  with  such  items  as  highway  systems,  population,  size  of  city  and 
rural  areas,  age  of  vehicle,  sex  of  driver,  and  other  related  items.  The  direct 
costs  consist  of  costs  of  hospitalization,  medical  and  dental  expenses,  ambulance 
costs,  property  damage  costs,  value  of  time  lost  from  income-producing  work, 
legal  and  court  costs,  damages  awarded  in  excess  of  all  other  direct  costs,  and 
minor  miscellaneous  costs.  These  annual  direct  costs  in  Massachusetts,  totaling 
$57  million,  amounted  to  $46  per  passenger  car  registered  in  the  State. 

A  survey  of  similar  costs  resulting  from  operation  of  trucks  was  underway 
in  Massachusetts,  as  well  as  a  study  of  the  indirect  costs  of  all  highway  accidents. 
The  undertaking  of  similar  comprehensive  studies  was  under  consideration  in 
several  other  States. 

Highway  capacity  research 

Revision  of  the  widely  u.sed  HU/lnvau  Capacitij  Manual,  published  by  Public 
Roads  in  1950,  has  been  considered  desirable  to  present  capacity  criteria  based 
upon  recent  field  data  of  greater  coverage  than  the  original  studies. 

As  part  of  this  project,  a  major  study  of  intersection  capacities  was  underway. 
Through  the  cooperation  of  State  and  city  traffic  officials  throughout  the  country, 
data  have  been  gathered  during  the  past  2  years  covering  peak-hour  traffic 
volumes  and  operational  features  at  530  heavily  traveled  intersections  in  86 
cities  in  37  States.  From  these  data,  some  1.100  approach  roadways  have  been 
selected  for  complete  analysis.  Preliminary  results  obtained  thus  far  Indicate 
that  the  capacities  at  intersections  of  wide  streets  have  improved  or  are  some- 
what greater  than  previously  indicated,  while  narrow  streets  show  little  change 
from  the  original  values.  From  the  results  of  nine  extensive  analyses  under- 
way, detailed  intersection  capacity  determination  procedures  will  be  developed 
for  entire  urban  street  systems  under  various  types  of  traffic  signal  control. 

Also  in  connection  with  this  project,  a  study  of  expressway  and  ramji  traffic 
volumes  and  the  relations  between  the  two  at  merging  areas  was  underway. 
Traffic  officials  in  several  cities  and  States  are  cooperating  on  this  study.  On  a 
2 mile  section  of  the  Shirley  Memorial  Highway,  a  major  freeway  into  Wash- 
ington, I).  C,  from  nearby  Virginia,  a  special  study  of  this  type  was  conducted 
during  the  year  in  conjunction  with  an  attempt  to  alleviate  rush-hour  con- 
gestion.    Experimental  lane  control,  using  signs  iuid  traffic  cones,  was  put  into 
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effect,  and  traffic  counts  by  lane  were  made  under  both  "before"  and  "after" 
conditions,  providing  data  on  the  merging  capacities  of  ramp-expressway  con- 
nections under  varying  conditions. 

Reported  during  the  year  was  a  technique  developed  for  using  the  results  of 
research  conducted  over  the  past  several  years  in  relating  the  traffic  service  or 
capacity  of  highways  including  freeways  to  such  variable  items  as  design  speed, 
possible  operating  speeds,  alinement,  profile,  length  of  grades,  and  percentage 
of  trucks. 

Accident  experience  related  to  control  of  access 

Over  a  period  of  several  years,  data  have  been  compiled  for  accidents  on 
2,100  miles  of  highway,  relating  accident  experience  with  the  degree  of  access 
control  maintained.  During  the  year,  this  information  was  used  to  provide 
up-to-date  statistics  on  comparative  accident,  fatality,  and  injury  rates  on  the 
various  highway  types,  in  urban,  suburban,  and  rural  areas.  These  figures 
indicate  that  the  provision  of  full  control  of  access  reduces  both  the  accident 
and  fatality  rates  to  between  one-third  and  one-half  of  the  values  for  roads 
having  no  access  control.  Additional  analyses  of  the  data,  involving  factors 
such  as  manner  of  accident,  speed,  and  traffic  volume,  were  underway. 

Roadside  facilities  along  controUed-access  highways 

Motorists  on  controlled-access  highways  must  occasionally  leave  the  highway 
and  stop  in  order  to  obtain  fuel,  food,  or  other  roadside  services.  In  order  to 
acquire  information  on  the  needs  and  desires  of  drivers  for  these  roadside 
services,  a  pilot  study  has  been  undertaken  in  cooperation  with  the  Virginia 
Department  of  Highways. 

The  Shirley  Memorial  Highway,  a  4-lane  freeway  located  near  Washington, 
D.  C.,  was  selected  for  the  study.  Nearly  2,000  drivers  interviewed  on  the 
highway  itself  and  about  900  other  drivers  were  interviewed  as  they  purchased 
gasoline  at  7  service  stations  located  near  the  interchanges.  Information  was 
collected  on  the  amount  of  gasoline  purchased,  type,  make,  and  year  of  vehicle, 
trip  origin  and  destination,  frequency  of  use  of  the  highway,  and  other  pertinent 
items.    This  information  was  being  analyzed  in  detail  at  the  close  of  the  year. 

Equipment  development 

Special  electronic  equipment  for  recording  driver  behavior  and  other  in- 
formation needed  for  highway  capacity  research  was  completed  during  the 
fiscal  year.  This  equipment  automatically  records  the  speed  and  transverse 
position  of  each  vehicle  by  employing  new  electronic  techniqiies.  The  recordings^, 
are  made  both  in  printed  form  and  on  a  5-channel  punched  tape  which  can  be 
used  to  make  punch  cards  or  can  be  inserted  in  a  high-speed  computer  for 
analysis.  This  equipment  is  capable  of  recording  information  for  all  vehicles 
in  four  traffic  lanes,  regardless  of  their  speeds  and  headways.  It  has  been 
employed  for  special  studies  on  the  freeways  in  Texas,  and  during  the  next  few 
months  it  will  be  used  for  research  in  driver  behavior,  capacity,  and  geometric 
design  on  the  freeways  in  Detroit,  Chicago,  San  Francisco,  and  Los  Angeles. 

Brake  research 

At  the  request  of  the  Interstate  Commerce  Commission,  the  Bureau  of  Public 
Roads  agreed  to  participate  in  a  comprehensive  study  of  emergency  braking 
systems  of  commercial  motor-vehicle  combinations.  Tests  are  to  be  conducted 
to  obtain  information  which  will  resolve  substantial  areas  of  controversy  con- 
cerning the  safeguards  in  motor-vehicle  braking  systems  necessary  to  prevent 
the  recurrence  of  "runaway"  accidents  on  the  highways.     The  study  is  being 
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undertaken  with  the  advice  and  assistance  of  an  advisory  committee  con- 
stituted of  representatives  of  other  government  agencies  and  vitally  interested 
nongovernmental  organizations. 

Public  Roads  has  prepared  a  program  of  study,  agreed  to  by  the  advisory 
committee,  providing  for  three  phases  of  tests.  The  first  phase  consists  of  lab- 
oratory tests  to  ascertain  the  magnitude  of  delays  inherent  in  various  power- 
braking  systems,  and  to  deternnne  which  components  of  various  emergency 
braking  systems  operate  compatibly  with  one  another.  The  second  phase 
consists  of  actual  vehicle  stopping  tests,  including  stops  made  under  condi- 
tions of  simulated  brake  failure.  The  third  phase  comprises  service  tests  to 
determine  the  reliability  and  the  need  for  maintenance  of  various  emergency 
braking  systems.  The  program  contemplates  use  of  both  government-owned 
and  privately  owned  facilities  for  the  tests.  Braking  equipment  and  vehicles 
are  to  be  provided  by  manufacturers  and  by  vehicle  operators.  The  first 
phase  of  the  study  is  to  begin  during  the  summer  of  1957. 

Economics  of  motor-vehicle  size  and  weight 

For  a  systematic  determination  of  optimum  size  and  weight  limits  of  motor- 
freight  vehicles  for  highways  of  the  future,  it  is  necessary  to  evaluate  jointly 
the  economic  factors  relating  to  the  vehicle  and  the  highway.  The  economic 
factors  include  the  costs  of  owning,  maintaining,  and  operating  various  types 
and  capacities  of  vehicles,  plus  such  costs  of  constructing  and  maintaining  com- 
patible highway  facilities  as  may  be  properly  assigned  to  freight  vehicles. 

Two  major  questions  ultimately  must  be  resolved  :  What  are  optimum  size 
and  weight  specifications  that  will  result  in  the  lowest  overall  cost  of  high- 
way freight  transportation?  Are  such  optimum  size  and  weight  specifica- 
tions applicable  unitV)rmly  in  all  States  or  regions  of  the  Nation? 

In  coUabiiration  with  the  Highway  Research  Board  committee  on  economics 
of  motor-vehicle  size  and  weight,  research  programs  on  two  phases  of  this 
problem  have  been  underway.  With  the  cooperative  assistance  of  the  State 
highway  departments,  vehicular  operating  costs  and  other  data  have  been  col- 
lected by  personal  interviews  with  motor  carriers  throughout  the  country. 
Except  for  some  special  studies  that  may  be  made  during  the  next  6  months, 
this  field  work  was  completed.  Nearly  4,700  carriers  were  contacted  in  36 
States  and  the  District  of  Columbia.  Approximately  17  percent  of  these  car- 
riers had  records  which  were  useful  to  the  study.  Analysis  of  these  data 
was  in  process. 

A  second  phase,  now  underway,  is  a  study  of  the  shipping  weight  character- 
istics and  the  tonnage  volumes  of  the  various  classes  of  conuuodities  that  are 
transported  by  highway  in  the  United  States.  The  study  of  shipping  densities 
and  respective  annual  tonnages  for  commodities  transported  in  line-haul  high- 
way freight  service  will  show  the  relative  amounts  of  freight  of  each  of  the 
significant  density  groups  that  are  moved  by  highway.  These  data  should  in- 
dicate the  maximum  weight  limits  that  need  be  contemplated  for  maximum 
economy,  and  the  degree  to  which  freight  carriers  and  shippers  may  use  to 
advantage  any  given  level  of  vehicle  size  and  weight. 

Hydraulic  Research 

The  basic  purjjose  of  hydraulic  rescan-h  is  to  provide  the  means  whereby  the 
highway  engineer  can  design  and  build  highways  which  will  be  reasonably 
safe  from  flooding  during  severe  storms.  The  first  problem,  requiring  extensive 
study  of  hydrology,  is  to  estimate  how  big  the  flood  may  be.  Having  arrived  at 
estimates  of  probable  ]ieak  rates  of  flow,  the  second  problem  is  to  design  culverts, 
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bridges,  and  other  structures  to  handle  such  flows  safely  and  without  excessive 
interference  with  use  of  the  highway. 

The  hydrologic  research  conducted  by  Public  Roads  utilizes,  primarily,  the 
basic  data  provided  in  the  records  of  stream  flow  published  by  the  U.  S.  Geological 
Survey.  These  records,  while  providing  fairly  good  coverage  for  the  larger 
streams,  include  very  few  of  the  smaller  ones.  Consequently,  it  has  been  neces- 
sary to  derive  from  the  few  available  records  relations  AAhich  can  be  applied 
to  estimate  probable  floods  on  the  thousands  of  ungaged  streams  crossed  by 
highways.  Public  Roads'  efforts  have  been  directed  toward  discovering  the 
more  significant  factors  that  affect  the  peak  rates  of  flow  and  expressing  these 
in  mathematical  or  graphical  forms  adapted  to  use  by  highway  engineers.  The 
development  of  techniques  has  about  reached  the  point  where  routine  process- 
ing of  data  on  a  nationwide  basis  can  begin. 

Public  Roads  has  enlisted  the  cooperation  of  Stanford  University  and  the 
Agricultural  Research  Service  of  the  Department  of  Agriculture  in  a  study  of 
rainfall  and  runoff  records  on  small  rural  watersheds.  Runoff  from  small  water- 
sheds varies  widely  with  laud  use,  and  the  engineer  needs  to  anticipate  how 
probable  developments  along  highway  routes  are  going  to  change  the  flood  peaks. 
It  is  hoped  that  an  intensive  study  of  these  records  will  lead  to  development  of  a 
method  of  estimating  peak  rates  of  runoff  on  culvert-size  watersheds.  Existing 
methods  are  known  to  be  inadequate. 

Standards  for  the  Interstate  System  require  that  culverts  and  bridges  be  de- 
signed to  accommodate  floods  at  least  as  great  as  that  for  a  50-year  frequency. 
Consequently,  analysis  of  flood  data  must  proceed  as  rapidly  as  possible,  and 
knowledge  of  how  flood  waters  pass  through  highway  structures  must  be  per- 
fected. During  the  year  a  method  for  the  hydraulic  design  of  bridges  has  been 
developed  from  an  investigation  using  small-scale  hydraulic  models.  The  experi- 
mental work,  begun  in  1954,  was  done  by  the  laboratory  of  Colorado  State  Uni- 
versity at  Fort  Collins.  The  reliability  of  the  method  has  been  verified  by 
checking  against  U.  S.  Geological  Survey  field  measurements  of  backwater  caused 
by  bridges.  The  new  experimental  data  provide  a  simple  method  for  the  engi- 
neer to  compute  how  long  a  bridge  needs  to  be  in  order  to  pass  a  given  flood 
without  causing  an  excessive  increase  in  the  river  stage  upstream  from  the 
bridge,  that  being  the  principal  criterion.  The  methods  previously  used,  while 
basically  sound,  suffered  from  lack  of  experimental  data  and  did  not  take  into 
consideration  all  the  signifleant  factors. 

Scour  of  erodible  streambeds  at  culvert  outlets  has  been  under  investigation 
at  Colorado  State  University  as  a  cooperative  agreement  with  Public  Roads. 
Maintenance  engineers  have  long  struggled  to  save  culvert  headwalls  from  being 
engulfed  in  enlarging  scour  holes,  particularly  where  there  was  a  drop  from  the 
end  of  the  culvert  to  the  normal  streambed.  The  culvert  may  not  have  been  built 
that  way  but  the  channel  lowered  itself  with  the  passage  of  years.  Encouraging 
results  have  been  obtained  by  the  simple  process  of  placing  a  well-graded  gravel 
in  the  scour  hole.  Surprisingly,  this  seems  to  prevent  the  hole  from  getting 
any  larger.  Further  work  is  needed  to  establish  criteria  useful  to  the  field 
engineer. 

The  University  of  Iowa  has  embarked  on  an  investigation  of  scour  around 
bridge  abutments  under  an  agreement  with  the  Iowa  State  Highway  Commission 
financed  as  a  Federal-aid  project.  The  objective  has  been  to  discover  how 
relatively  sediment-free  water  on  a  flood  plain  affects  the  scour  process  at  a 
bridge  over  a  main  channel  which  is  carrying  a  sediment  load.  Research  pre- 
viously conducted  at  the  same  laboratory  had  shown  that  scour  holes  around  piers 
ceased  enlarging  once  the  sediment  brought  in  by  th?  stream  equalled  the  quantity 
being  swept  out.     The  addition  of  a  large  quantity  of  sediment-free  water  from 
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outside  the  main  cliaiinel  may  greatly  change  the  scoiir  phenomenon  at  the 
bridge  abutment. 

For  the  past  several  years  Public  Roads  has  been  cooperating  with  the  National 
Bureau  of  Standards  in  extensive  research  on  performance  characteristics  of 
liighway  culverts.  Exceedingly  important  results  have  been  obtained,  not  only 
with  respect  to  the  highway  problem  but  also  in  regard  to  interpretation  of  small- 
scale  model  tests.  The  thoroughgoing  tests  by  NBS  have  necessitated  discard- 
ing certain  results  of  a  number  of  studies  by  others  made  previously.  Phases 
of  the  work  completed  during  the  year  show  that  general  reproducibility  of 
results  from  model  tests  of  culverts  cannot  be  obtained  without  full  consider- 
ation and  control  of  approach-flow  conditions.  This  applies  also  to  prediction  of 
how^  a  full-size  culvert  will  perform. 

It  was  concluded,  however,  that  a  type  of  culvert  entrance  can  be  evolved  which 
will  be  insensitive  to  approach  conditions.  Such  a  culvert  would  be  "fool- 
proof" in  operation  and  adapted  to  simple  design  procedures.  Existing  culvert 
types,  once  the  entrance  becomes  submerged,  are  unpredictable  in  operation. 
The  barrel  may  flow  full  or  only  partly  full  and  large  differences  in  ponded  water 
elevation  can  exist  if  it  does  one  or  the  other.  With  this  uncertainty  the  de- 
signer must  choose  the  most  adverse  situation  to  be  safe.  As  a  result  the  cul- 
vert may  be  larger  than  needed  if  the  barrel  capacity  could  be  fully  utilized. 
Consequently,  there  is  ample  justification  for  development  of  an  improved  de- 
sign for  ciilvert  entrances.  When  the  geometric  characteristics  are  known,  in- 
dustry will  be  invited  to  collaborate  in  developing  commerically  feasible  end 
sections  for  the  common  types  of  pipe  culverts. 

Modern  highway  construction  penetrating  into  and  through  cities  involves 
elaborate  underground  systems  of  storm  drains.  De.spite  the  many  years  that 
cities  have  been  building  storm  sewers,  very  little  is  known  about  the  hydraulic 
characteristics  of  their  operation.  Public  Roads,  in  cooperation  with  the  Mis- 
souri State  Highway  Department,  has  sponsored  research  on  one  of  the  un- 
knowns, namely,  the  energy  losses  which  occur  at  junctions  and  manholes. 
Engineers  have  known  how  big  a  pipe  needs  to  be  but  not  how  to  get  the 
water  through  a  manhole,  especially  when  a  major  change  in  direction  was  re- 
quired. The  study  has  been  done  at  the  University  of  Missouri  during  the  past 
3  .years  and  a  final  report  is  in  preparation.  It  has  been  found  that  losses  have 
been  grossly  underestimated.  This  may  account  for  many  cases  of  flooded 
streets. 

Public  Roads  is  disseminating  the  new  developments  in  hydraulic  design 
through  in-service  training  of  its  ow'n  personnel,  preparation  of  design  manuals, 
and  conferences  on  hydraulic  design  with  State  personnel. 

Physical  Research 

The  physical  research  of  the  Bureau  of  Public  Roads  has  for  its  goal,  de- 
velopment of  the  best  use  of  materials  and  the  employment  of  the  best  practices 
for  l)Uilding  durable  highways  in  an  economical  manner.  Many  of  the  studies 
are  directly  related  to  problems  which  have  confronted  those  actively  engaged 
in  construction.  The  expanded  highway  program  has  increased  both  the  num- 
ber and  urgency  of  such  problems  by  causing  the  rapid  depletion  of  top  quality 
aggregates  in  some  localities,  by  providing  an  incentive  for  the  production 
and  use  of  new  materials,  and  creating  the  need  for  more  rapid  methods  of 
construction.  Participation  of  Public  Roads  in  studies  of  these  matters 
promises  an  impartial  approach  to  highway  problems  which  is  valued  by  State 
highway  departments  and  commercial  interests  alike. 
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Soil  studies 

The  evaluation  of  pavement  design  and  performance  witli  respect  to  different 
soil  and  environmental  conditions  continues  to  be  a  major  concern  of  the  high- 
way engineer.  A  cooperative  study  designed  to  obtain  basic  data  needed  for 
such  evaluation  was  continued  with  the  Oklahoma  State  Highway  Department, 
which  has  prepared  a  report  describing  the  in-place  soil  units  on  which  321 
miles  of  flexible  pavement  have  been  built.  A  cooperative  study  was  started 
with  the  South  Dakota  State  Highway  Commission  to  relate  the  condition 
of  about  300  miles  of  flexible  pavement  to  construction  and  maintenance  costs, 
trafiic,  and  environmental  factors.  The  selected  mileage  is  representative  of 
about  1,000  miles  of  pavement  constructed  in  the  last  10  years  in  areas  having 
similar  soil  and  climatic  conditions. 

Considerable  attention  has  been  given  to  the  development  of  methods  for 
improving  plastic  soils  and  other  earthly  materials  having  low  strength  for 
use  in  highways  and  similar  engineering  works.  A  cooperative  research  pro- 
gram has  been  continued  with  several  chemical  manufacturing  companies  for 
the  purpose  of  developing  and  evaluating  chemicals  for  the  stabilization  of 
clayey  and  silty  soils.  A  cooperative  study  with  the  West  Virginia  State  Road 
Commission  was  initiated  to  determine  the  usefulness  of  fly  ash,  particularly 
in  combination  with  lime,  for  stabilizing  soil  and  soil  aggregates.  Laboratory 
studies  were  also  made  to  determine  the  extent  to  which  lime  reduced  the 
plasticity  and  increased  the  strength  of  plastic  soils.  Tests  were  conducted  to 
determine  the  effectiveness  of  a  commercial  material  in  facilitating  the  com- 
paction of  soils. 

Studies  to  develop  information  useful  in  planning  soil  and  materials  sur- 
veys were  extended.  In  a  cooperative  materials  survey  recently  started  in 
North  Dakota,  aerial  photographs  and  other  available  sources  of  information 
were  used  to  determine  the  location  at  which  field  exploration  for  aggregates 
should  be  made.  Electrical  resistivity  equipment  was  constructed  to  assist  in 
the  field  exploration.  An  engineering  soil  survey  in  Rhode  Island  was  com- 
pleted and  organization  for  a  cooperative  materials  survey  in  West  Virginia 
was  begun.  Cooperation  with  the  State  highway  departments  of  Illinois  and 
Maine  in  the  development  of  engineering  soil  reports  and  maps  was  continued. 

A  nationwide  survey  of  soils  was  continued  in  cooperation  with  the  Soil 
Conservation  Service  of  the  U.  S.  Department  of  Agriculture.  Reports  cover- 
ing the  engineering  application  of  soil  survey  information  were  prepared  for 
inclusion  in  agricultural  soil  survey  bulletins  for  5  counties,  and  arrangements 
have  been  made  for  the  production  of  similar  engineering  chapters  in  11  other 
county  soil  survey  bulletins.  Samples  of  soil  on  which  engineering  test  data 
will  be  collected  were  received  from  25  additional  counties  or  other  areas  lo- 
cated in  17  States  and  Alaska,  making  a  total  of  83  counties  or  areas  repre- 
sented in  this  program  to  date.  Information  regarding  those  soil  series  which 
are  likely  to  be  sources  of  sand  and  gravel  was  obtained  from  each  State  and 
will  be  made  available  to  highway  engineers. 

Another  cooperative  study  with  the  Soil  Conservation  Service  to  determine 
the  engineering  characteristics  of  the  major  soil  series  of  the  United  States 
was  continued.  In  this  program  the  in-place  (pedologic)  characteristics  of  the 
soil  units  have  been  correlated  with  data  determined  on  representative  soil 
samples  in  the  laboratory,  such  as  clay  mineral  analyses  and  classification, 
compaction,  strength,  and  bearing  capacity  test  results. 

To  facilitate  the  evaluation  of  soils  for  highway  purposes,  new  equipment 
and  tests  have  been  developed.  A  rapid  method  of  test  involving  the  quantita- 
tive determination  of  the  glycerol  retention  of  clay  was  developed  for  measuring 
the  surface  area  and  estimating  the  content  of  expanding  -"lay  minerals  in  soil 
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clays.  Equlpiiient  was  consti-ucted  for  (leteniiiiiing  the  specific  gravity  of  soils 
by  means  of  a  combination  vibration-vacuum  method.  A  chart  based  on  me- 
chanical analysis  and  plasticity  data  has  been  developed  for  predicting  the 
optimum  moisture  content  that  is  determined  in  the  laboratory  moisture-density 
test,  thus  reducing  the  time  re(iuired  for  the  determination. 

Bituminous  materials  and  mixtures 

The  (piality  of  petroleum  asphalt  is  affected  both  by  the  source  of  the  crude 
i)etroleum  and  the  method  of  refinement.  Technological  advances  in  the  refining 
of  asphaltic  road  materials  create  a  need  for  periodic  evaluation  of  the  various 
products  being  marketed.  To  obtain  such  information,  I'ublic  Koads  has  ob- 
tained over  'M)(}  samples  of  asphalt  from  various  refineries  throughout  the 
I'nited  States.  These  samples  have  been  subjected  to  the  standard  tests  re- 
quired by  most  specifications  and  will  also  be  tested  by  special  procedures. 
The  data  now  available  have  proven  useful  to  Governmental  agencies  in  pre- 
paring new  specifications  and  evaluating  new  test  methods  for  such  asphaltic 
materials. 

It  is  expected  that  in  some  localities  the  supply  of  top  (piality  aggregates  will 
be  insufficient  to  meet  the  needs  of  the  expanded  highway  program.  Studies 
have  been  undertaken  to  develop  ways  of  utilizing  aggregates  that  would 
normally  be  considered  inferior  for  bituminous  construction. 

The  use  of  additives  to  assist  in  coating  aggregates  with  bituminous  material 
in  the  presence  of  moisture  and  to  prevent  stripping  of  the  bituminous  film 
from  the  aggregate  in  service  has  become  connnon  practice.  Public  Roads  has 
maintained  a  continual  testing  program  to  evaluate  new  materials  of  this  type. 
Tests  were  recently  completed  on  13  such  products,  most  of  which  are  now 
.specially  designed  to  be  chemically  stable  when  used  in  hot  asphalt. 

Studies  have  been  made  to  correlate  the  properties  of  bitumin(tus  mixtures 
and  their  component  materials,  as  determined  by  laboratory  test,  with  their 
service  behavior  in  tlie  road.  A  report  has  been  prepared  covering  an  experi- 
mental sheet  asphalt  pavement  laid  19  years  ago  on  Connecticut  Avenue  in 
Washington,  D.  C.  This  report  emphasizes  the  importance  of  adequate  tempera- 
ture control  during  the  mixing  operation,  since  about  30  percent  of  the  total 
hardening  taking  place  during  the  entire  1!>  years  of  service  occurred  during 
the  mixing  i)rocess.  Cooperative  studies  are  also  in  progress  with  the  Maryland 
State  Roads  Commission  covering  .-sections  of  (!  projects,  ranging  in  age  from  1 
to  10  years. 

Studies  have  J)een  continued  for  the  purpose  of  standardizing  and  improving 
test  methods  fur  bituminous  materials  and  mixtures.  A  program  of  testing 
rubber-asphalt  joint  sealers  for  concrete  pavements  was  conducted  in  coopera- 
tion with  the  Highway  Research  Board.  Cooperative  work  was  also  done  on 
the  thin-film  oven  test  with  committees  of  the  American  Society  for  Testing 
INIaterials  and  State  highway  department  laboratories.  A  series  of  tests  have 
been  conducted  with  the  North  Carolina  State  Highway  and  Public  Works 
Commission  laboratory  on  the  method  of  molding  test  specimens  of  bituminous 
mixtures  in  the  laboratory.  Since  the  procedures  studied  are  used  in  connection 
with  the  design  of  bituminous  mixtures  for  pavement  construction,  the  changes 
found  desirable  by  this  investigation  will  result  in  better  control  of  construction 
operations  and  more  efficient  design  of  bituminous  pavements. 

Paints 

An  investigation  of  rust-inhibitive  primer  paints  for  steel  has  been  completed 
and  a  report  has  been  prepared.  The  results  showed  that  under  extreme 
weathering  conditions,  prior  to  the  application  of  the  field  coats,  good  service 
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may  be  obtained  with  a  primer  coiitaiiiiiig  a  red  lead-iron  oxide  pigment  and  a 
veliicle  containing  linseed  oil  and  alkyd  resin  in  the  ratio  of  3  to  1.  Vehicles 
with  much  larger  proportions  of  linseed  oil  as  well  as  ordinary  red  lead-linseed 
oil  paints  showed  less  resistance  to  weathering. 

Cement,  aggregates,  and  concrete 

The  expansion  of  portland  cement  concrete  resulting  from  the  chemical  attack 
of  some  aggregates  by  the  constituents  of  cement  is  a  problem  which  continues 
to  require  study.  There  is  increasing  evidence  that  detrimental  expansion  of 
concrete  can  result  from  other  types  of  cement-aggregate  reaction  than  that 
caused  primarily  by  the  alkalies  in  cement.  However,  the  recent  identificatiou 
of  alkali-aggregate  reaction  as  the  cause  of  disintegration  in  a  concrete  pave- 
ment near  Washington,  D.  C,  has  added  another  area  to  those  locations  in  the 
United  States  where  this  particular  phase  of  the  cement-aggregate  reaction 
problem  Is  known  to  exist.  Research  on  the  Alkali-aggregate  reaction  has 
been  directed  toward  improvement  in  methods  of  evaluating  aggregate  in  this 
regard.  A  report  has  been  prepared  on  a  study  of  the  degree  of  correlation 
between  a  quick  chemical  test  and  mortar  bar  tests  for  determining  the  po- 
tential reactivity  of  concrete  aggregates.  The  results  showed  that  the  chemical 
test  did  not  always  yield  reliable  results  when  certain  carbonate  minerals  were 
present  in  the  aggregate.  On  the  other  hand,  extremely  reactive  materials 
would  be  more  certain  to  be  indicated  by  the  chemical  test  than  by  the  mortar 
bar  test. 

In  addition  to  the  alkali-aggregate  reaction,  many  other  natural  processes 
which  shorten  the  service  life  of  concrete  structures  are  associated  with  the 
entrance  of  water  into  the  concrete  matrix.  A  practical  means  of  excluding 
water  from  the  concrete  would  therefore  extend  the  service  life  of  many  struc- 
tures subject  to  deterioration.  A  program  of  exposure  tests  has  been  initiated 
to  study  the  relative  suitabllty  of  various  preparations  for  waterproofing  con- 
crete. The  general  types  of  coatings  being  studied  are  linseed  oil  paints,  rubber 
base  paints,  silicones,  stabilized  rubber  latex,  and  poly-plastics  of  the  thermo- 
setting type.  Test  panels  subjected  to  6  months  of  natural  weathering  indicate 
that  the  rubber-base  paints  and  stabilized  rubber-latex  compounds  do  not  have 
sufficient  durability  for  this  purpose. 

An  investigation  of  methods  for  protecting  concrete  pavements  from  the 
destructive  action  of  calcium  chloride  used  for  ice  removal  was  also  continued. 
In  addition  to  air-entrainment,  this  program  includes  a  study  of  the  effect  of 
applying  various  preparations,  such  as  those  containing  silicones  or  resins,  to 
the  surface  of  the  concrete.  Although  air-entrainment  has  been  proven  to  give 
increased  durability  to  the  concrete,  the  use  of  surface  coatings  may  have 
additional  value  in  protecting  against  scaling  caused  by  chloride  salts. 

Many  State  highway  agencies  have  experienced  difficulty  in  controlling  con- 
crete operations  as  a  result  of  the  nonuniformity  of  the  type  I  cement  produced 
at  some  plants.  In  the  belief  that  restrictions  on  the  chemical  composition  of 
cement  would  promote  uniformity  of  physical  characteristics,  some  highway 
agencies  have  resorted  to  the  use  of  type  II  cement  entirely,  Avhile  others  have 
imposed  chemical  limits  in  addition  to  those  normally  required  for  type  I 
cement.  An  extensive  series  of  tests  on  different  shipments  of  cement  from  a 
single  plant  were  continued  in  an  attempt  to  isolate  the  causes  for  variation 
in  strength-producing  properties.  The  results  to  date  indicate  that  close  control 
of  compound  composition  cannot  be  depended  upon  to  give  cements  of  uniform 
physical  characteristics. 

Present  specifications  for  portland  cement  do  not  contain  limits  regarding 
shrinkage  although  this  property  has  an  important  effect  on  the  dimensional 
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changes  and  initial  cracking  tendencies  of  concrete  as  drying  takes  place. 
Shrinkage  data  have  been  collected  on  a  number  of  cements  by  measuring  the 
contraction  of  unrestrained  neat  cement  specimens  and  the  time  required  for 
restrained  specimens  to  crack  during  the  early  stages  of  drying.  These  data 
will  be  studied  to  determine  whether  such  information  can  be  related  to  the 
performance  of  cement  in  concrete. 

Research  has  been  performed  for  the  purpose  of  improving  the  metliod  of 
making  several  specific  determinations  in  the  chemical  analysis  of  portland 
and  Portland  blast-furnace  slag  cements.  A  study  of  the  insoluble  residue 
determination  of  cement  was  completed.  A  report  has  been  prepared  recom- 
mending modifications  of  the  present  American  Society  for  Testing  Materials 
jirocedure  which  would  increase  the  reproducibility  and  reliability  of  the  test 
results.  Cooperative  studies  with  committees  of  the  ASTM  have  been  conducted 
on  the  test  for  loss  on  ignition  of  portland  blast-furnace  slag  cement  and  the 
free  lime  determination  of  portland  cement.  The  usual  procedure  for  determin- 
ing loss  on  ignition  gives  unreliable  results  when  applied  to  portland  blast- 
furnace slag  cement  because  of  the  sulfide  minerals  present.  Preliminary  indi- 
cations are  that  reliable  results  can  be  obtained  by  modifying  the  procedure  and 
applying  a  correction. 

The  use  of  such  lightweight  aggregates  as  expanded  clay  or  shale  in  con- 
crete for  highways  has  been  largely  confined  in  the  past  to  decks  of  highway 
bridges  Avhich  were  not  subject  to  traffic  abrasion.  The  proposal  to  use  such 
materials  in  the  surface  course  of  concrete  pavement  resulted  in  an  investiga- 
tion to  determine  those  methods  of  test  which  would  best  measure  the  effect 
of  such  aggregates  on  the  abrasion  resistance  of  concrete.  Expanded  clay  or 
shale  aggregates  from  nine  different  sources  have  been  subjected  to  various 
physical  tests,  with  special  attention  being  given  to  modifications  of  the  Los 
Angeles  and  Deval  abrasion  tests.  The  results  of  these  tests  will  be  evaluated 
by  comparison  with  (1)  performance  of  expanded  shale  aggregate  in  an  ex- 
perimental concrete  pavement  in  Texas,  (2)  performance  of  several  bridge 
decks  which  have  l»een  subjected  to  surface  abrasion,  and  (3)  abrasion  tests 
of  concrete  specimens. 

The  development  or  improvement  of  methods  of  testing  natural  aggregates 
has  continued.  A  study  of  the  iiresent  mortar  strength  test  for  natural  fine 
aggregates  for  use  in  concrete  has  been  nearly  completed.  A  program  of  tests 
comparing  the  relative  severity  of  several  freezing  and  thawing  procedures  on 
aggregates  has  been  continued.  The  freezing  schedules  used  in  these  tests  are 
such  that  they  can  be  maintained  witli  a  home-type  deep  freeze  unit,  and  there- 
fore it  would  be  financially  feasible  for  most  laboratories  to  obtain  such 
apparatus. 

An  investigation  has  been  started  pertaining  to  the  use  of  admixtures  which 
retard  the  setting  time  of  concrete.  Such  materials,  known  as  "retarders," 
are  being  used  with  increasing  frequency  to  alleviate  some  of  the  difficulties  of 
hot-weather  concreting  operations,  to  permit  the  use  of  revibration  in  multiple 
lift  construction  of  concrete  walls,  and  to  permit  longer  hauls  of  central-mixed 
concrete.  Retarders  which  also  act  as  water  reducing  agents  in  concrete  have 
been  advocated  for  obtaining  the  high  strengths  required  for  prestressed  con- 
crete without  resorting  to  the  use  of  exceptionally  high  cement  contents.  In 
this  study  the  effect  of  27  commercially  produced  retarders  on  the  strength 
and  dural)ility  of  concrete  is  being  determined.  A  study  of  methods  for  measur- 
ing retardation  of  .setting  time  has  also  been  included  in  this  program  in  order 
to  provide  information  for  the  preparation  of  specifications  for  retarders. 

The  investigation  of  the  use  of  portland  blast-furnace  slag  cements  in  con- 
crete was  continued.     Tests  have  been  made  comparing  the  properties  of  con- 
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cretes  prejjared  with  this  type  of  cement  and  portlaud  cement.  The  concrete 
containing  the  shig  cement  usually  had  lower  strength  at  ages  less  than  28 
days  than  the  concrete  made  with  portland  cement.  At  later  ages  the  con- 
crete prepared  with  the  slag  cement  generally  had  the  greater  strength.  The 
durability  and  other  properties  of  the  concrete  made  with  slag  cement  were 
satisfactory.  A  progress  report  of  these  tests  to  an  age  of  90  days  was  pre- 
sented at  the  Highway  Research  Board  annual  meeting. 

A  study  of  the  use  of  fly  ash  as  a  replacement  for  portland  blast-furnace  slag 
cement  in  concrete  has  been  started.  Since  the  manufacture  of  portland  blast- 
furnace slag  cement  involves  a  partial  replacement  of  portland  cement  with 
blast-furnace  slag,  there  has  been  some  concern  that  the  replacement  of  slag 
cement  with  fly  ash  may  reduce  the  amount  of  portland  cement  present  in  the 
concrete  below  that  necessary  to  produce  concrete  of  adequate  strength  and 
durability.  The  results  obtained  to  date  indicate  that  with  proper  design  the 
effect  of  replacing  a  portion  of  the  slag  cement  with  fly  ash  will  be  similar  to 
that  resulting  from  the  same  replacement  of  portland  cement. 

A  study  of  the  durability  of  concrete  was  continued.  This  work  is  based  on 
outdoor  exposure  of  concrete  specimens  at  Washiutgon,  D.  C,  Treat  Island, 
Maine,  Cape  Cod,  Mass.,  and  Saugerties,  N.  T.,  and  experimental  pavement  slabs 
at  Wellsville,  N.  T.  Annual  inspections  are  made  to  determine  the  condition 
of  the  specimens,  some  of  which  have  been  exposed  for  12  years.  The  most 
definite  finding  of  this  study  is  the  improved  durability  which  air-entrainment 
gives  to  concrete. 

A  cooperative  investigation  with  12  other  laboratories,  having  the  purpose  of 
appraising  the  4  American  Society  for  Testing  Materials  methods  of  conducting 
freezing  and  thawing  tests  of  concrete,  was  completed.  This  study  was  con- 
ducted under  the  auspices  of  the  Highway  Research  Board  and  therefore  the 
test  results  have  been  submitted  to  that  organization  for  analysis  and  reporting. 
A  preliminary  indication  of  this  study  is  that  the  fast  freezing  and  thawing 
in  water  method  is  superior  to  the  other  procedures  as  a  method  of  test. 

Recent  interest  in  materials  and  methods  for  capping  concrete  cylinders  for 
the  compression  test  has  been  occasioned  by  the  relatively  high  compressive 
strengths  that  are  commonly  required  for  prestressed  concrete  as  compared  to 
rrgular  concrete.  During  the  year,  data  were  obtained  regarding  the  strength 
of  various  capping  materials  which  are  now  permitted  by  specifications  of  the 
American  Society  for  Testing  Materials  and  the  American  Association  of  State 
Highway  Ofiicials.  This  information  has  been  incorporated  in  a  report  cover- 
ing the  study  of  capping  procedures  w^hich  was  completed  last  year. 

Complete  information  regarding  the  quality  of  concrete  requires  a  knowledge 
of  its  air  content.  Because  the  accepted  methods  of  obtaining  this  information 
on  hardened  concrete  are  time-consuming  and  tedious,  a  cooperative  study 
was  arranged  with  the  Illinois  Division  of  Highways  to  investigate  the  accuracy 
and  practicability  of  a  method  using  pressures  up  to  5.000  pounds  per  square 
inch.  Apparatus  for  this  work  is  now  being  built  to  test  specimens  similar  to  the 
6-  by  12-inch  cylinders  used  for  the  standard  compressive  strength  test. 

Study  of  a  method  for  determining  the  indirect  tensile  strength  of  concrete 
cylinders  was  continued.  Since  the  usual  flexural  test  of  beams  has  been 
severely  criticized  when  used  as  a  control  test,  the  indirect  tension  test  would 
be  a  welcome  substitute  if  it  is  found  to  provide  equivalent  information.  Con- 
siderable data  have  been  accumulated  comparing  the  values  for  indirect  ten- 
sion with  those  for  compressive  and  flexural  strengths  of  concrete.  In  addition, 
various  methods  of  applying  the  load  to  the  side  of  the  cylinder  have  been 
investigated. 

53 


Geophysical  methods  for  subsurface  exploration 

Inauguration  of  the  huge  highway  building  program  has  intensified  interest 
in  the  application  of  geophysical  methods  of  subsurface  exploration  to  highway 
engineering  problems.  As  a  result  of  Public  Roads  studies,  the  capabilities  of 
these  methods  in  this  field  are  well  established.  The  methods  of  exploration 
are  relatively  inexpensive  yet  furnish  much  useful  information  on  subsurface 
formations  and  sources  of  construction  materials. 

During  the  year,  Public  Roads  has  responded  to  requests  from  11  States  for 
assistance  in  subsurface  exploration  work  requiring  geophysical  methods.  Five 
States  and  the  Territory  of  Hawaii  have  acquired  earth-resistivity  equipment 
during  that  period,  making  a  total  of  30  States  that  are  so  equipped.  Public 
Roads  also  makes  extensive  use  of  these  methods  on  road  work  in  the  National 
parks  and  on  the  Inter-American  Highway.  Training  in  the  use  of  these 
methods  was  given  personnel  of  10  State  highway  departments  and  5  foreign 
countries  during  the  year. 

Structural  design  of  pavements 

Participation  has  continued  in  a  nund>er  of  cooperative  research  projects  with 
the  purpose  of  developing  the  useful  information  on  the  structural  design  of 
pavements. 

The  cooperative  load  deflection  study  of  certain  high-type  bituminous  pave- 
ments in  Maryland  has  been  continued.  Comi)rehensive  series  of  tests  were  com- 
pleted during  the  fiscal  year.  The  data  obtained  prior  to  19.")7  were  analyzed 
and  reported  at  the  last  meeting  of  the  Highway  Research  Board. 

A  laboratory  study  of  the  structural  c-haracteristics  of  doweled  joints  for  con- 
crete pavements,  using  special  testing  machines  designed  for  the  purpose,  has 
been  in  progress  for  some  time.  This  research  was  concerned  primarily  with 
the  influence  of  dowel  diameter,  dowel  length,  and  width  of  joint  oiiening  on  the 
structural  capacity  of  the  load  transfer  system.  The  program  has  been  com- 
pleted and  a  comiu-ehensive  report  has  been  prepared  for  publication. 

Cooperative  studies  concerning  the  perf(»rmance  of  continuous  longitudinal 
steel  reinforcement  in  concrete  pavements  have  been  continued  with  several 
State  highway  agencies.  Such  pavements  are  characterized  by  almost  complete 
absence  of  transverse  joints  with  certain  resulting  advantages,  such  as  smoother 
surfaces  and  less  leakage  of  water  to  the  subgrade.  Other  characteristics,  such 
as  increased  cracking,  are  less  desirable  and  are  being  evaluated  by  study  of 
an  experimental  pavement  in  Indiana  built  in  1938.  one  built  in  Illinois  about 
10  years  ago.  and  one  built  in  Penn.sylvania  last  year.  Plans  have  been  made 
for  the  construction  of  similar  experimental  pavements  to  study  this  problem 
in  Maryland  and  Virginia. 

Road-surface  research 

The  smoothness  and  slipperiness  of  pavement  surfaces  are  characteristics 
which  concern  the  traveling  public  greatly.  The  skid  resistance  of  pavements, 
especially,  is  a  subject  of  growing  importance  to  highway  safety  as  traffic 
density  and  vehicle  speeds  increase.  Since  adeiiuate  control  of  this  characteris- 
tic requires  dependable  methods  for  its  evaluation,  experimental  equipment  has 
been  designed  and  constructed  for  measuring  the  skid  resistance  t>ffered  by 
different  pavement  surfaces  under  various  conditions.  Research  has  also  con- 
tinued toward  the  improvement  of  the  road  roughness  indicator  developed  some 
time  ago  and  now  being  used  by  a  large  nund)er  of  State  and  municipal  agencies 
as  well  as  several  foreign  governments. 
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Bridges 

The  program  of  cooperative  tests  to  determine  the  structural  action  of  high- 
way bridges  under  moving  vehicular  loads  has  been  continued  with  the  testing 
of  two  bridges  in  Nebraska  and  two  in  Iowa.  As  in  previous  work,  the  State 
highway  departments  and  Public  Roads  jointly  participated  in  the  field  work 
and  the  States  involved  are  presently  reducing  and  analyzing  the  field  data  for 
reports  to  be  published  later.  Public  Roads  is  assisting  the  States  in  reducing 
the  field  data  from  analog  to  digital  form,  using  data  reduction  equipment 
mentioned  in  last  year's  report  as  a  means  for  conserving  engineers'  time. 

As  an  extension  of  the  cooperative  investigation  of  the  aerodynamic  behavior 
of  suspension  bridges  carried  on  at  the  University  of  Washington  for  several 
years,  Public  Roads  has  constructed  a  wind  tunnel  at  its  Langley  Research 
Station  in  Fairfax  County,  Va.  The  tunnel  is  being  instrumented  for  early  use 
and  will  be  especially  suited  to  studies  of  aerodynamic  problems  encountered 
in  highway  engineering,  particularly  in  connection  with  suspension  bridges. 


Errata 


The  Annual  Report  of  the  Bureau  of  Puhlic  Roads,  Fiscal  Year  1956,  requires 
a  revision  in  the  legend  of  one  of  the  tables  included  in  the  appendix.  In  the 
list  of  tables  appearing  on  page  43,  the  legend  for  table  8  "Apportionment  of 
Federal-aid  highway  funds  authorized  for  the  fiscal  year  ending  June  30, 
1956  *  *  *"  should  be  corrected  to  read  "*  *  *  for  the  fiscal  year  ending  June 
30,  1957.  *  *  *"     The  corresponding  change  should  also  be  made  on  page  54. 
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Table  2. — Projects  under  construction  or  plans  approved  on  June  30,   1957, 
by  class  of  highway  and  by  fund 


Total  cost 


Federal 
funds 


Miles 


Railway-highway  grade- 
crossing  improvements 


Cross- 
ings 
elimi- 
nated 


Struc- 
tures 
recon- 
structed 


Cross- 
ings 
pro- 
tected 


By  Class  of  Highway 


Primary-rural: 

$937,  355,  667 
953,  723.  704 
546,  630,  540 

1,  093,  528,  793 
832, 059,  412 

$770,  508,  053 
497, 031, 221 
283,  354,  287 

759,  735, 064 
416.  775, 199 

2,  014. 8 
8,  699. 1 
15,  490,  7 

395.9 
1,  366  3 

78 
144 
32 

131 

175 

7 
22 
4 

4 
13 

All  other                        

97 

228 

Urban: 

Interstate     .    _-      

Allothftr 

47 

4,  363, 298, 116 
108,  574, 046 

2,  727,  403,  824 
89, 102, 269 

27, 966.  8 
1,  294. 3 

560 
9 

50 

1 

372 

1 

Total 

4,  471,  872, 162 

2, 816,  506,  093 

29,  261. 1 

569 

51 

373 

By  Fund 


Federal-aid: 

Primary 

Secondary                    - 

$1, 144. 704,  303 
567,  211,  837 
781, 078,  753 

1,  870, 303, 223 

$595,  560,  631 

293, 236,  869 

388,  499, 124 

1.  450, 107, 200 

9,  548. 4 

15,  621.  7 

613.0 

2, 183.  7 

187 
36 
162 
175 

23 
4 

14 
9 

112 
230 

30 

4, 363,  298, 116 

2,  727,  403,  824 

27, 966.  8 

560 

50 

372 

Prewar  Federal-aid  grade  crossing- 

682, 282 
22, 005, 165 

1, 003,  869 
32, 330, 182 
25,  261, 432 

4,  076,  691 
23,  214,  425 

341. 140 
19, 140,  930 
501,  931 
29,  280, 831 
25,  261,  432 
3. 318, 159 
11,  257, 846 

354.0 

9 

1 

1 

Defense  Highway  Act 

529.0 
250.4 
37.3 
123.6 

National  park  and  parkway  3 

Subtotal 

108,574,046 

89, 102, 269 

1, 294. 3 

9 

1 

1 

Total                    - 

4,  471,  872, 162 

2,  816,  506,  093 

29, 261. 1 

569 

51 

373 

1  Prewar  Federal-aid  grade   crossing,  access  roads  (Act  of  1950),  Defense  Highway  Act,  forest,  park, 
public  lands,  and  emergency  flood-relief  projects. 
-  Includes  construction  projects  only. 
3  Constniction  supervised  by  Bureau  of  Public  Roads. 
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Table  9. — Federal  highway  funds  paid  by  Bureau  of  Public  Roads  during  fiscal 
year  ended  June  30,  1957,  by  program  and  by  State 


State  or  Territory 


Federal-aid  funds 


Primary  i     Secondary        Urban        Interstate 


Defense 

Highway 

funds 


Total  2 


Alabama.. 

Arizona 

Arkansas.. 
California - 


Colorado 

Coniiecticut- 

Delaware 

Florida 


Georgia 
Idaho. -. 
Illinois.. 
Indiana. 


Iowa 

Kansas 

Kentucky. 
Louisiana. 


Maine 

Maryland 

Massachusetts. 
Michigan 


Minnesota.. 
Mississippi. 

Missouri 

Montana 


Nebraska 

Nevada 

New  Hampshire. 
New  Jersey 


New  Mexico 

New  York 

North  Carolina. 
North  Dakota.. 


Ohio 

Oklahoma 

Oregon 

Pennsylvania. - 

Rhode  Island... 
South  Carolina. 
South  Dakota.. 
Tennessee 


Texas 

Utah 

Vermont. 
Virginia.. 


Washington... 
West  Virginia. 

Wisconsin 

Wyoming 


Alaska 

District  of  Columbia. 

Hawaii 

Puerto  Rico 


Undistributed. 
Total.... 


$8,  448, 179 
4,  077,  875 
4,  204,  322 

15,853,357 

6,  087,  125 
956,  408 

2,  373,  755 
8,  560,  271 

6,  026,  773 
4,  843,  918 
13,  847,  456 
6,  107,  410 

8,  802,  504 

9,  674,  385 

3,  384,  379 

4,  406,  252 

3,  435,  286 
2,  445,  741 

2,  397,  871 
12,  704, 164 

9,847,110 
6,  548,  074 
6,  832,  342 
10,  068,  058 

8,568,615 
6,  010,  944 

1,  052,  758 

3,  508,  345 

6,  616,  068 
15,  470,  182 

9,389,811 

4,  737,  329 

8,  271,  446 

9,  203,  781 
7, 151,  587 

11,641,260 

2,  089,  742 

4,  814,  468 
6,458,815 

8,  661,  720 

28,  424,  510 
2,  877,  309 

1,  855,  872 

7,  634,  547 

6,  325,  659 

2,  862,  042 

9,  986,  075 

5,  514,  140 

92 
490,  647 

1,  097,  777 

2,  243,  141 


$7,  870,  771 
4,  075,  095 
4,  048,  805 
7,  836,  672 

4,  045, 125 
933,  320 

1,437,895 
2,  519,  128 

6,  003,  043 

2,  401,  126 

0,  786,  829 

5,  365,  033 

6,  321,  950 

5,  846,  941 

6,  964,  457 

3,  833,  452 

2,317,753 

1,  362,  703 
995,  437 

7,  272,  058 

6,  520,  639 

5,  244,  675 

6,  520,  276 
6,  120,  482 

5,  430,  263 

3,  483,  609 
1,399,317 

1,  000,  060 

5,  182, 103 

4,  600,  543 

8,  999,  870 

4,  737,  837 

5,  962,  201 
4,  427, 107 

4,  239,  231 

5,  494,  702 

819,  389 

2,  239,  356 
4,176,867 

5,  154,  267 

15,  896,  900 

2,  561,  056 
1,  145,  439 

6,  740,  719 

3,  605,  589 

1,  443,  781 

4,  904,  574 
3,  164,  526 

2,632 

419,  753 

1,318,017 

2,  014,  356 


$2,  456,  285 
733,  521 
539,  521 

17,877,317 

1,  403,  607 
633,  701 
294,  996 

6,  029,  690 

2, 165,  767 

218,  465 

9,  ,505,  759 

2,  006,  8.50 

3,  410,  396 
1,  862,  047 

610,  928 

1,  426,  335 

425,  477 

2,  395,  710 

4,  ,572,  516 

7,  253,  413 

3,  893,  619 
814,  741 

7,  806,  993 
560,  556 

1,  020,  632 
171,  996 
136,  499 

4,  379,  087 

696,  744 
20,  490,  391 

3,  369,  025 

45,  008 

12,  701, 120 

2.  077,  463 
2,223,716 

8,  64.5,  245 

1,  694, 126 
984,  264 
128,  260 

1,  102,  769 

10.  812,  900 

1,  021,  505 

573,  117 

1,  378,  483 

1,  268,  689 
690,  595 

4,  489,  229 
111,  028 


$1,  852,  664 
2,096,811 
1,  542,  606 

59,  325, 188 

4,  667,  647 

545,  439 

3,192 

816,  491 

I,  122,  215 

1,  094,  892 
7,2.53,311 

2,  010,  ,583 

1,  494,  221 

4,  309,  305 

1,  661,  (580 

108,  337 

1,  101,  122 
7,041,336 

2,  210,  830 
8,953,211 

3,  625,  839 
2,  689,  674 
7, 357,  063 

558, 174 

10.5,  602 

817,  762 
101 

676,  850 

7,  503,  124 
7,  810,  913 
2,  502,  244 

1,  597,  746 

16,  983, 109 

2,  554,  682 

4,  648,  367 
7,  091,  574 

1,  048,  460 
773,  577 

1,  822,  948 
621,  546 

19,  880,  500 

1,  996,  586 
321,  967 

2,  036,  826 

1,  936,  764 

41,  507 

1,  191,  540 

3, 146,  055 


715,351 

493,  930 

1,  554,  734 


$249,  361 
673,  473 


812,  312 


1,  923,  705 
280,  450 


156,  604 
336,  509 


114,252 


-5,179 
86,  503 
916,  305 

303,  635 

2,855 


52,  140 

20,  487 

9,895 

271,  500 


226,  127 
124,  055 
500,  654 


1,  022,  941 

22.3,811 

23,  860 

1,407 


1,092 
3,136 


80,  530 
846,  272 


724,  090 

53,  008 

193,  960 

4,097 

196,  465 


4,429 
-372,  978 


$20,  877,  260 

11,  656,  775 
10,  335,  254 

101,  704,  846 

18, 127,  209 

3,  349,  318 

4,  109,  838 
18,  021,  205 

1,5,  602, 106 

8,  894,  910 
37,  393, 355 
15,  604,  128 

20,  029,  071 

21,  687,  499 

12,  707,  947 
10,  690,  681 

7,  583,  273 

13,  248,  345 

10,  218,  852 
36,  246,  464 

23,  887,  207 
15,  349,  304 
28,  537, 161 
17,317,165 

15,  396,  612 
10,484,311 

2,  588,  735 

9,  564,  342 

20,  224, 166 
48,  496,  084 

24,  767,  604 

11,  117,  920 

44,  940,  817 
18,  486,  844 
18,  286,  761 
32,  874,  188 

5,  651,  717 
8,811,665 

12,  587,  982 
15,  543,  438 

75,  095,  340 
9,  302,  728 

3,  896,  395 
18,  514,  665 

13,  208,  818 
5,  231,  885 

20,  575,  515 
12,  132,  214 

3,533 

1,  950,  078 

2,  909,  724 
5,  816,  660 

-372,  978 


344,891,697    223,207,729    161,874,116    210,876,568 


10,  227,  815 


951,  266,  936 


'  Funds  available  for  either  urban  or  rural  portions  of  the  Federal-aid  primary  highway  system. 
2  Included  in  the  totals  are  the  following  payments  of  prewar  Federal-aid  grade-crossing  funds: 


Georgia $127,  704 

Massachusetts 42, 198 


Washington $19, 109 

Total -    189,011 
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Table  10. — Balances  of  Federal-aid  funds  available  to  States  for  projects  not 
yet  programed,  as  of  June  30,  1957 


State  or  Territory 


Primary 


Secondary 


Urban 


Subtotal 


Interstate 


Total 


Alabama- 
Arizona 

Arkansas, . 
California. 


Colorado 

Connecticut. 

Delaware 

Florida 


Georgia- 
Idaho  _._ 
Illinois- 
Indiana- 


Iowa 

Kansas 

Kentucky. 
Louisiana.. 


Maine 

Maryland 

Massachusetts- 
Michigan 


Miimesota., 
Mississippi. 

Missouri 

Montana... 


Nebraska 

Nevada 

New  Hampshire. 
New  Jersey 


New  Mexico 

New  York 

North  Carolina. 
North  Dakota.  _ 


Ohio 

Oklahoma 

Oregon 

Pennsylvania. .- 

Rhode  Island.. - 
South  Carolina. 
South  Dakota.. 
Tennessee 


Texas.... 

Utah 

Vermont. 
Vii-ginia. . 


Washington. . . 
West  Virginia. 

Wisconsin 

Wyoming 


Alaska 

District  of  Columbia. 

Hawaii 

Puerto  Rico 


$345, 
171, 

2,  315, 
265, 

5, 035, 

5,  026, 

592, 

168, 

1, 

3,  259, 
2,  852, 

12,  252, 

346, 

570, 

7,  692, 

2,  390 

1,  227 
378, 

2,  974, 

3,  315, 

112 
2, 

158, 
1,  772 

231 
1,  477 

456; 
3,  563, 

493, 
244, 

287, 
790, 

1,  004, 
1,  553, 
1, 107, 
1,  449, 

2, 309, 

3,  582, 

406: 

526, 

702, 
221 

1,  845, 

26, 

2,  798, 
1,  323, 
1,  m. 

261 

345, 
4,311 
2,239 

3,  538 


$127, 
239, 

1,  906, 
550, 

3,  503, 
2,051 

360 

4,  094, 

205, 
1,777 

3,  730, 
7,  337, 

537, 

2,  465, 
2,941 

453, 

1, 108, 
1,  429, 

1,  358, 

2,  328, 

4,271 

450, 

3,027 

4,  745, 

823, 

1, 047, 

586, 

971 


5, 148, 

2,  607, 
284, 

3, 

3,  559, 
1,  455 
1,  842, 

113, 

3,  485 
850, 

3, 480, 

11,  762 
89 
331 

415, 

403, 

4,  937, 

1,  763: 

50, 

60, 

2,  871, 
1,  345, 

3,  761 


694, 
397, 

1, 342, 
12,  451 

458, 

3,  382, 

4,  632, 
227, 

15,  655, 

8,  763, 

409, 
1,  712, 
3,  523, 
3,  276, 

768, 
1,  320 
1,13 

9,  225, 


1. 112, 
269, 
211 

2,  480, 

162, 

487, 

11,  391 


12,  235, 

2,  460, 
937, 

13,  602. 
1,  031 
1,  817 
4,  237, 

1,  724, 
296, 
77, 

3,  247, 

3,  732, 

396, 
2,1 

4,  055, 
955, 

1, 
150, 

73, 
4, 387, 
1,  .531 
4,  236, 


$1,  067 

491 

4,  915, 

1,  213, 


478, 

11,  571 

5, 116, 

11,  535, 


$17, 367,  745 
904, 687 

12,  950, 180 

1,  454,  217 

9,  825,  663 

13,  562,  395 
15,  239,  370 
17,  099,  407 

34, 885,  044 

14,  742,  569 
4, 139,  318 

55,  653,  368 

2,  288, 176 
985,  826 

32,  428, 119 

19,  994,  042 

20,  712,  528 
305, 844 

21, 177,  807 

2,  947, 180 

10,  492.  716 
1. 992,  859 

23,  674,  706 
28,  621,  597 

33,  251, 995 

21,  437, 953 

3,  735,  218 
27,  573,  724 

5,  579,  093 
50,  380,  470 
38,811,982 

11,  441, 176 

5,  432,  012 

15,  797,  743 

13,  622,  009 
11,062,460 

195,  786 
10,  991,  326 

7,  298,  653 
6, 122,  628 

70, 184, 851 

14,  821,  355 

8,  053,  516 

22,  696, 488 

17,  255,  633 

11,311,094 

47, 124, 098 

1,  626,  230 


3,  219,  827 


$18,  435, 

1,  396: 
17,, 

2,  667, 

19,  706, 
33,  090, 

16,  651 

24,  745, 

41,  551 

20,  006, 
26,  377 
84, 006, 

3,  582, 
5,  733, 

46,  585, 
26, 114, 

23,  817, 

3,  434: 
26,  648, 

17,  817, 

15,  685, 
6, 
27, 129, 

35,  351 

36,  787, 
24, 125, 

5,  265, 
43,  499, 

7,  946, 
68,  009, 
44, 168, 
13,  453 

23,  957, 
21, 941 

18,  002, 
18,  591 

4,  343, 
18,  356, 

8,  632, 

13,  376, 

86, 382, 
15, 131 

10,  626, 

25,  727, 

24,  513. 
18,  527, 
52,  444, 

2, 

478, 

14,  790, 
5, 116, 

11,  535, 


380 
454 
013 
670 

331 
786 
836 
419 

881 
817 
699 
712 

336 
511 
626 
907 

996 
523 
273 
636 

647 
020 
960 

475 

582 
639 
852 
204 

918 
047 
219 
797 

118 
285 
884 
658 

772 
009 
320 
522 

282 
527 
877 
351 

180 
257 
222 
975 


834 
306 
654 


Total 96,679,445 


109,863,134  153,606,745  360,149,324  822,472,683 


1, 182,  622,  007 


1  Funds  available  for  either  urban  or  rural  portions  of  the  Federal-aid  primary  highway  system. 


71 


CO  '-O  - 

•c"  CO  C_     .. 
CO  c^  o  ^ 


iOOOSC<»  iOCOiCt^  rf  (M  lO  C^  CO  Ol  t^  ^  CO  00  t^  O 

CO  '-I  lO  O  r-^  ^  CO  t^  CO  oi  "^  lO  OC'  00  OS  00  -^  -H  (M'  iC 

»OOh-h-  eO(N         CO  >0-^XC:  cvir-.t-H  OCOfOO 

'—•^^'—1         C^  CO  1-t  CO  (N         CO  CO  ^  ^  ^  (M  CO 


"3 

3 

(N  ^  u;  CB 
.-1  0>  >0  02 

.-H  CDCO  lO 
^  00  o  to 
CM  wOi  -* 

00  ^  lO  OS 

COCC  to  = 

^  ooS  e^ 

O  ^  CM  -rf 

OS  C^  00  CO 
— 110  00^ 

■^  r^iM  to 

oooto-< 
o  cooo  t^ 

CO  00  t^  CO 

V 

»0  CC  OS  t^ 

lO  lO  Oi  -^ 

CS  lO  .— '  00 

OJOOOO 

r^  00  t^  1^ 

00  Tf  IC  -< 

t^  -tJH  -rf  t^ 

C^  OS  00  CO 

o  r^oos 

tT  OSC  CJ 

C^  iO  »c  t^ 

es  os-H  00 

f^O  "O  CO 

C^  ^  to  OS 
OOt^O  CO 
to  to  'J-  t~ 

\^ 

W^^S 

CO^  wco 

M-a<  t^t^ 

00  O  CO  CM 

C^         rt  00 

o  mooo 

CO  lOrt  CM 

oococo^ 

6 

Ol  t^  iC  ^ 

CO'  OS  Oi  00 

r^  05  o  ^ 

l^03  CC  CO 

w  O^  CO 
00  O  00  '^ 

iO  CO  C^  --H 

OO  00C<1 
CO  OS  CO  w 

OS  r^  w  t— 

t^  OS  X  c 

ills 

O  CMOIO 
0O00  00U5 
CO  00  »o  OS 

co'co-o'co' 

t^  CO  lO  '^ 

COCM  (M  ^ 

(M  O  ^  -* 

CM  lO  .-H  CM 
OOOTt-CO 

TP  00  to  00 
iO  00  t^  CD 
0<M  -*  OS 

CM  CO  coo 

r~>   ^   ^   ^ 

SS§2 

gss?^ 

g|gs 

ioc=  coto 

(N  Ol  (M  OS 

OOCO^  00 

e 

O  CO  00  c^ 

.-H                     CO 

i-H  CMC^l  CO 

00  I^  ^  fC 

tC  00  CO  lO 

Tf   O)   —C   to 

OS  O  00  CO 

to  coco  TP 

!N  OS  -*  00 

-a* 
S  be 


2^5 


_  0 


CO  00  -^  to 
c^  ■^'  o6  05 

to  tC  tM  CO' 


lO  lO 

CO  CO  Tf  CO 

OSCC  t~cc 

(M  CM  00  00 

OS  X  O  00 

^s 

00— ■  r^r^ 

OS  OS  -^  t^ 

CO  ^         •-' 

-H  CO  ^  OS 
CO  Tj^  C^l  O 

t--  — H  OS  00 
COCM  ^  -^ 

Tf  O  CO  CO       ^  o  t^  o 
t--^  CO  CO  CM         O  ^*  O  .-I 
CM  OS  O  tP 
■— ^  CM  lOCO 


'  CO  lo  .-H      CM  OS : 


C^l  —.  o  c 
CO  (M  O  I 
lO  CO  CM  C 


CO  ^  —.  CO'         ^ 


OS  00  CO  00 
lO  "D  CM  lO 

CO  oo'co'cc" 

CM  -*  CM  C^ 

lO  CO  O  OS 

"Tt^'.-H*  (O  O' 


CO  OC'  CO  CO         .— 'CM-rfCO         OOOS^.-'         COQOCMCO         CO-^COCM 
CO  CO  »d  lO         *-•  -"       ■  —  —.-,  —  —  _,   .      _^  -..  —  ._ 


■^CMC^         CMi-fOSGO         — <irr.  OSCM 
■■      --co-*         CM  00  t^  ^ 


CM  — '  ^ 


I-  'C  CM  »C  I^ 

.  -    T      .  .  .    _ 

CM  rt^ --H  O  COCMOSOS 

CO*"  os'  -*'  oo"  of  ofT  cm"  -h' 

o  t^  -^  r-  CO  00  CO  i^ 

.-HOOCOCM  Os^tiTfTt- 


CO  ^  CM  1^ 

CO  CO  CO'  I  ^ 


OS  CO  CM  r^ 

CO  -^  COC^ 
CO  CO  lO  o 

^lo  IOCS' 

CI  t- 00  CO 
40  .-H  CD  ^ 

co-^-^'oi" 
CM  CO  CO 


C::CM0COS  CMCOCIOS  OO'^lCMCO  OStOOOO'  CO-— "TfiO  »r:.  OOOOC'  ,— lOOiC.— '  OOCMUO-* 

CO  CM  'OS  OS  CO-  iC  00  OS  -H  'OS  CO  CM  CO  OS  CO'  CM  CO  Tp  'O  CC  CM  .-H  iC  I"-  OO  CT'  t--  -*<  CO  lO  lO  CO 

■^'-lOsO  OOS'TfCO  .-HTt^CM.— I  -^CO'COOO  t— iiOCMiO  t-~»-iOSCO  COOOOO  CD'OO'-' 

oo'  lo'  os'  »o  (n"  co'  o'  ^  t-^  iQ  -o  co'  cm'  Tt"'  oo'  ^  C'i  r-^  oo*  co"  co  --r  co'  co  ^o  os""  CO*"  os'  "o"  N  oT  cd" 

CM'COOSCM  OSOOOCM  GOO-1'n'w'  CO-^-^f^  OCOI^Tf^  COOSCOOS  -^(NCOTf  COCOOO-— i 

00  O --H  CM  Tp  Tj* -^  00  CO  CO  00  CM  CO —<  OS -^  CO  ^f  I-- t^  CM  lO  OS  OS  OO  t^  CM  CD  1^  00  i— i  00 

io"cm'~oo'"os"  o"cM"o"ar  ■^"o'l-H  Tt^"  co*"co  o'c"  i-TtCco  cD~  o'oo  tCco"  oo'"os"'^Tp"  co'coci" TjT 

Tf  T-(  ,-H  OS  CM         ,-t  f-t  CO  1-H  lO  CM  CO --H  CM  CM  ,-i  ,_(.-.  t^  CO  rH  Tt^  CM  .-h         .-h  ,-(  CM  CM  lO  i-H 

r-r-CO'n'  COOOOOCO  ,-iiOiOCO  O'—tCOCO  CO'I^-rf.— i  COOO-— <00  t'>-OSiCC0  ot^co-^ 

OOiOCOCM*  COOOI^CO  OS<N'»rain  C^rJ^t-^CM  iOcdr-*OS  .-it^iood  COCM       'co  CMOicOcD 

OS-^OSCO  »0               CM  ThCO*OCM  CDt--         I-  i— ir-n.— icO  (--'O         OO  i— <CM         i— i  ■^OO'-'CO 

.-H  CM                                                           ^  ^                                        ^  CM 


i) 

'o 

>-. 

u 

tfl 

a 

!^-0 

h 

C 

K 

e3 

.2 

r- 

a^ 

-0 

FH 

so 

^ 

« 

2 

V 

01 

e 

■B 

s 

■rt^OSCMO  r^iOOO  OCO't^OO 

COCOOOO  OOCOCMOO  OSCOCD'h- 

lOOSCOO  CDCOI-^CO  COI^rt^cO 

"-^"o'coGo''  lo"  oToT^  —r»o"cood" 

t^OCMCO  OOOSiOiO  COi— 'OO-— ' 

lO  CO  O  CO  CM  00  CO  00  CO  CO  00  CO 

cm'cocd  co" 


'rt^  CO  CO  ^         t^  CD  1-1  I-. 


CO  OOCM  O 
^CM'OSO 

■^'r-TcM'to" 
CM  tc  1:0  r^ 
o  r^  »o  i^ 

-rfzO  co" 


.. -,  _-      .       oooococo  cot-- 000  t--^ior^ 

CDcO»OOS        CMCOCMCO        OSOSO'CM  »O000000  CO'fOOO 
„._         cOiC-Ht^  4OI--C0^  CMCMCM^ 

»o  crs^Tpf-r  cocm'ioco"  oTtCtCo" 

CM  CM  GO  CO  CO  C9  CO  CO  CO  tO  lO  CO 


CM  CO  CM  CO 

O  CO  00  10 

i-TiCo -r^r 
-J*  r-o  ^ 

CO  CM  CO  CM 
t-^'*  os' 


t^  i--  CM         ^  CD  OS  OS 


Tt<  CM  CM  CO        CO  -^ 


t^  CM  O  00 
CO  t^  OS  CM 

OS  IC   "^   Tt* 

tCco 

00  _  _ 

C::  CO^  CO 
GO  t^oTCM" 


OSCOOOCO         lOCMOOCM         lOiOOOOS         iC'OslO»0         CMOCMCO         lOOSr 


. :  10  r^  10      c?s  t^  o  tH      h- ^  cm  CD 

CMOSOSC-l       ososcot^       --Ht^o-^ 


^OSOOS        CMOt^OO        CD'OOCO^        ^CDOC 
^OSTfOO         OOr-Hl-O         CO-— tO'X         OiOt^C 


O  O  CO  CO         t- OS  CO  GO        OS  CD  tP  1— >         O  OS  .-(  CO 


!-<    CO    t^ 

_     CD  tP  ■■ 
CM  CO—^  C 


t^cOCOOO         t^COOsCM         .-H  "*J^  CM  GO 


iC  t'- O  OS        »-«  CO  OS 


OO  O  ^  OS         CD  O  *0  CO         O  >-<  'Tt- CO 


C:  CD  ■*        t^  CO'  CM  I 


CO  CM  OS  CO 
'-'CO  ~ 

CD— H   r 

Os'io" 


CM  CM  CM  10 

CM  O  CD  w 
*0  OS  '^  o 


lOCMcOO  —H  ^ 
■^  00  tP  O  OS  CS 
iC  •O  O  CO        CO  CM 


CM   IC   r-<   .— 1  1— t   CO 


^/3- 


00  CD  CO 

-^  t^  -- 

»0  CD 

oTos'-"*  o" 

-^  CI  O  CM 

^  CO  Tf  00 

»o"o'co'"oo 

CM   CM   r-l 


»C  00        CD  Tf 


10  CM  CO  CM 

r-,:  CO  CO  trS 


o  r^  t^  r^ 
■  o  t-^  c  ■ 


S  CM  CD  CD         ^  CM  CM  -O' 


to  CD  -*  OS 

-^'  O  1^  t^ 

CO  CM  ^  »0 


t- coo  CM 

I--^  CO  CO  CM 


00  CO  00 
OS  O  I^  lO 


CM  iC  CM  r^        ^  O  CM  CO 

O  O  h-OS         


OS  to  »0  CM        OS  CO '^  Tf        O  O '^  t^        »o  ^  O  O 


r--ooso      oosiC'TtH 


^  00  O  O        COOO  !:>-  CD 


C1CO"tii— •         COOSCMt^        OSOOO         ^OCOiiO 


r-^osr--t^   oocM»oo   cot^os^ 

CM  CO  CO  --I    CO  t^  O  1^    —    -.  — 


;  OS  ^  CO    CM  GO  10  CM 


CO  OC'  GO  OS 
CD  t^  OS  1—" 
CM  .-I  CM  00 

co'co  co'i-T 


CM  00  00^ 
00  I— I  o  o 
CM  CO  CM  O 

t-TCM'tCcM' 


—I  CM      ^ 


"O  O  CM  ^  O  CD  CO  CO 

OSi— 'COtO  OSCMOSiO 

lOCOCOt^  OCMiOCO 

10  co'  lo"  cm'  o"  CD*"  cm' 


OS  .— I  CO  »0  r 


1  r^  o  o      o  OS  o  r 


r^  CD  1— '       Oi  -^  t 


»o  r-cD  ^ 
b-  r-os  X 

r-— Tx— <' 


CD  X  CO  OS 


coco       — < 


H  iOOS 

r^"to  o'co' 

-0  ^  CM  -^ 
:Os  — •  I- 

t-Tfoco  cm' 


w3t^O  '^i- 'OCO 
CI  O  OS  O'  O'  CM  t^  CO 
■^  O  OS  O         CO  OS  GO  1-1 


^■xt--       x^CM-^       lO-^r-co 


CO  O  OS  O' 
OS  »o  o 
OS  CO  cd'i-T 


^  C  o 


'V  zj  a  ci 

o  g^r 


cd  d 
ci  2  "^ 
iS   C3  S 


£  >  es  is 


§;: 


OOQ 


^<^6    ooqS    o25£    >3wwj    SSSS    SSS§    zzzz    ^^^^ 


72 


28.2 
227.0 
91.5 
93.9 

495.2 
92.3 

660.9 
78.8 
35.4 

151.3 

145.6 
31.3 
182.7 
105.2 

4.3 

en 
to 

7, 838,  457 
12,  422, 163 

6,  563,  795 
11,532,024 

39,  749 

3,  548,  640 
8,  775,  588 

4,  648, 102 

29,  085,  880 

6,  385, 843 
2,  584,  576 

7,  788, 463 

5,  415,  589 
2, 139,  669 

14,  404,  603 
4,  759,  848 

2i0,'823' 
674, 756 

1 
1 

i 

12,  939, 193 

24,  354,  697 
10,  237,  998 
20,  023,  023 

79,  498 

6,  510, 086 
15, 303, 495 

9,  468,  350 

52, 470,  426 
8,  819,  876 
4,  747,  459 

15,  338,  841 

10,  518,  856 
4,  278,  123 

25,  827,  654 

7,  087,  954 

424,346' 
1,  335,  524 

00 

to 
to 

122  1 
127.9 
138.6 
147.5 

5.4 
104.2 
283.6 
163.1 

735.9 
38.3 
22.4 
96.1 

130.7 
38.6 
134.8 
226.7 

49.4 

5.'8' 
9.1 

CO 

i 

r-H  CM  CM  w        CDCMCO-^         OCDOiiO        OS  OS  CD  .—i 
I^OS'^CO         to  1— I  -*  O         OSCOOCM  tOCM00'<*^ 

cooocor-      r^  CM  CM  o      co  os  oo  to      oo  to  r-t  o 


to  O  CO  o 


o  OS  <— '  to      o  00  00  o      to  lo -rf  to      CO  r^ -— (  00      >— ^  ■rj^  oo  to 
OO-^r^OO       OtOOOS       t^COCMO       -^ostp-^       cdcdco>— I 


<  "^  I>- CO         t-- OS  >— <  00         00  00  00  CO 


1-1  r-H  ,-.   CM 


^  to  CM  t^ 

r^  coco  1—1 

lO  CM  O  to 


t--.  CO  OS  Tt^ 

r^  !-<  ooo 

to  to  T-(  CO 


CO  '-<       r-  !-<  00  o 


CM '^  CO  to  O  O  CD  CO 
to  .-I  CO  CO  O  O  CM  O 
CDCDOCM         Tt^  O  .-I  O 


CO  CM  !>.  OS 
CM  CO  CD  00 

r^  o  00  GO 


OS  CO  rP  OS         1— «  00  t^  CO        CO  OS  CO  to 


CO  OS  CO  --^ 
OS  CO  rp  OS 

r-(  OS   CO  Tt^ 

os't-rcd^os"" 


CDt^OOCO         OsO'tO.— « 


r^  OS  i-H  CO      r^cocoGO 


'^  z^ 

.-^ 

to 

Ot~-tO 

^OOrficO 

CO 

co^ 

co-^ 

O  IM  IM 

^  o 

_; 

o 

OS  OS  t^  CO 
CO  00  lO  Tt^ 
t--  CO  CO  00 
CM'l^to'rjT 
'"S  tOOO 
I  O  CM  t-- 

C0"tO*"CM'"l>^ 


OS  CO  to  CO      o  CO  to  r-      o  to  co  i^ 

CO  to  O  00         OOOCMtO         CD  Tl<  t^  CM 
CO  CM  CO  O         OS  GO  CM  CO        OS  Tt<  O  CO 


CO  CO  00  t^        O  CO  t. 


CO  to  O  0>        O  OS  to  CO 


1^00  O  CM  CO 
l>-CD00OS  to 
00         CD  -rtn         OS 


.1-1         CD         CM         i-<  to 


O  i-^  I>-  CO        O  CO  ■■ 
-rj*  O  0000        r-H  to  C 


OS  to  to  .-I 


r-  CM  00  t— 


)t^tO00         CMcDi— ICD        CO 


■^OSCDO         t^OSt-t-        CMi— iCOt--        Ot^i— (t-h 

. .^._    ^  Q^        O  CD  CM  1-t         CO         1— t  t--        CD 

^"^  -^"^T-T     .-T     co"     coccT     i-T 


^^  co^ 


00  CO  Tt<  CD 
CO  to'  '^'  ^ 


C32  OOOOiO 

lO  O  00  (M 

OCROO 
O  CO  o  t^ 
coo  >0^3 

Tf  CJCTi  00 

OOOt^tN 

-^  O  CO  o 
CO'OOICO 

o 

28,  701 

15,  250 

5,165 

36,  696 

253 
23,  929 
16, 168 
16,  597 

466 
10,  489 
2,159 
14,  224 

8,215 

26, 392 

1,866 

4,103 

6,789 

47 

1,411 

1,012 

CO 

to  >0  CO  CO 
00  Oi  CO  Oi 

(M  0>C0  02 

OIM  OOO 

cqooo 
OS  coo  oo 

OOIM  003 

CO  O  TtH  CO 
^  O  CO  o 

ooos  r~ 

41,  610 

18,  678 

6,038 

49,  283 

281 
29,  510 

19,  669 

20,  546 

517 
11, 904 
2,718 
17, 075 

10, 490 
33,  664 
3,316 
4,710 

7,506 

95 

2,823 

3,047 

to 

1=  oP 


"  3  3  R 
O  O 


.S  bed  bi 


2S 


.S  >  c  •; 


??'Ss-5i     -S- 


S55e^    eP>>   ^^^^ 


^  "r^  c3  +j 
.2  "  03  3 


tf       Eh 


C3  3 


o  a 
2  9 


73 


IS 

s 

5 

;. 

«M 

S5 

■B 

V 
^ 

a 

^4 

5 

u 

<v 

« 

■B 

v 

b 

b 

•^ 

J= 

61) 

? 

S 

T3T3 

e 

"? 

« 

01 

r 

« 

a 

fi 

0 

b 

'/I 

« 

u 

^^ 

9; 

CS 

b 

0 

;> 

I. 
0. 

fi 

•a 

c 

!« 

SB 

TI 

«v 

S8 

!■>• 

QIO 

t,ON 

o5 
>, 

s 

3 
■a 

"2 

o 

1 

g 

'^ 

t^CO  CM 

■OCD 

.-<  04 

too5  r- 1^ 

c6*^oO 

cmNoi— 1 

t-  -X  3S  OS 

CO  OS  t<^  c 

K(3STt<  "! 

"11 

coo  00  o 

CO  OS  CO'  CO' 
CO  00  'X  OS 
^         CO 

^FtS* 

OS  O  CD  to 
^  00  — .  OS 

CI  OS  OS  CO 

W  CO  t^  o 

C^)  ■»■  C-1  (N 

—  CO  00  'OS 

OS  CM  00  CD 
CM  Tji  ^CM 
CM         CMOS 

'3  w 

liii 

ooooto^ 

lO  t^  »n  .(J' 

T-t  as  CD  CO 

CO  00  OS  00 
00  O  OS  .* 

coos  COT)< 
-H  CO  —  to 
CD  OS  CO  CO 

-*OSOOO 
CMIM  tOTt- 

r^  w  coo 

OS  t^— .  Tj< 
CD  •*  —  CO 

CO  to  h-o 

CO  TJH  IN  -* 

00  to  Tf  Tj^ 

to  OS  5<  to 

00  ■*  00  CO 

?o  cc  ■* 

TOCOCC 

»0  GO  OS  o 
coos  CO-* 
co"          c-f 

^O  TT  to 
t^Tj-OSCO 

to"  im"  to' CD- 

CO  O  COIN 
O  t.o  O  00 
CO  CO  00  c» 

to-to'r-T— r 

t^OO  CO'  — - 
tO-<  OSTf 
CO  »^  CO  t^ 

IN  .-T^'lC 

—.^2  to 

to  to  O  to 

CD  OS  -*  O 

co"co  r-^-*" 

to"  IN  cm"  00 
CD  to  Tt^  O 
00  00  r^  to 

co"co"-r 

00  to  CM  CD 

■*"co  tt'co 

o 
o 

o 

CO 

c-q  cc  to 
Cft  CD  00 
00  00  00 

CVS  .*  00  00 
OS  iO  00  CO 
tP  ^  ^  t^ 

COO  OS -H 

o  c:^  r^  to 

t^cOlM  to 

to  (M  o  c-q 
OS  cocq- 
t^o-Hco 

coco— lO 
00  CO  CD  -H 

tor^to^ 

IN  CO  CO  t^ 
<M  OS  CD  CO 

00  O  crs  to 
O  t^^  CM 
I^  *  00  "* 

CO  -^  c  r^ 
to  r^  to  OS 

00  to  OS  CM 

(M  OS  ■* 

O  1^  t^cD 
00  lO  ^  t^ 

OS  CD  CO  ^ 

OS  CO  I--  o 

^CO-^O) 
OS  OOO  ^ 

OS  I  ^  -H  CIS 
to  CD  to  GO 

CO  OS -<  to 
OS  CD  ^  CO 
t^^  OOGO 

to  CO  00  o 
CD  CO  ■*  to 

-<  t- t^o 

to  -H  to  OS 
CBCOO— . 
OI^COO 

coos  CM  C3S 
^  — 1  05CM 
>*  ooo  CM 

^  1^^ 

CD—.         uo 

-H  CO  C-l  CO 

O  C  to  CO 

■cr  IN  (N  to 

CO  00  ■*  I^ 

IN  TJ-IN  — . 

t^  r^os  t^ 

c 

o 

o 
p 

o 
a 

t5 

1 

oort  OS  r- 

COrt  .-IO 

O-H  OS-H 

t^cDI-^OO 

T-l  O  00  t^ 
CO—I  to 

tOCN  -<  to 

r-l   I--^  coco 

to  to  00— 1 
OOsoqiM 

ootoco 
coos  Tj.  o 

to  CO  T-H  t^ 
-1       cs 

to  cocasrt 

00— i  coo 
CO  00  CO  OS 

OS   to  -H   — 

OOOCC 
to  CO  CO  CO 
t^lN 

r~  00  OS  CO 

CO  to  CD  to 
^CO— '  to 

— .  CO  r^ 

'3  m 
ll 

2 

ill 

00  to  O  00 
to  ^  OS  OS 

t^O  CDOS 
00  0-*  CO 
OS  00  .-H  CO 

S^S2 

to  W  CO  to 

00  to—  to 
to  to  CO  "* 

CO  to  to  CD 
CO  CO  GO  O 
O  O  "*  CO 

— 1  t^o  t^ 

00  1^  to  to 

OS  ':r  to  OS 

Tl-  00  t^cD 

r^  CO  o  ■* 
-,  — ,  ^co 

S^2 

?3;2382 

rHOO'KO 

—  OSINO 
O  IM  --  -* 

r^co  »o 

CO  to  CD  OS 

ooosooc 

COO^g 
CO  O  ■*  O 

o  §  So 

Tf  to  IN  to 

to— ICO  —1 

C^  '*-  00 

-P^         IM 

—1  00  o  ire 

" 

IN  ■*  .-1  CO 

coco  t^  to 

GO  to  IN 

—1  CM"h-"to" 

1 

o 

"3 
o 

5 

(Mr-.  'X> 
O)  .»*^  lO 
030  05 

•OTf  ooos 

00  CO  •*  IN 

C»  — 1  IM  CO 

coo  ooo 

00  — ^  r^o 

t^  GO  O  IN 
O  CD  —  O 

—  CO  o  o 
CO  to  OS  t^ 
CVl  tOifOS 

00  to  — OS 
00  OS  IN  to 

.*  CO  —  OS 
CO  to  rJH  CM 
00  to  O  CO 

t^tOO  t^ 

■*  r-  r-  CO 

OO  CM  Tf 

iO  CO  05 
00  -.^  C^I 

-H   00   t--H 

■S53  t^M 

(N  CO  ■*  ■* 

CO  CO  CO  OS 
00  00  CD  OS 

^  CD  r^  OS 

CO  00  coo 

r^  .*  t^  c^ 
IN  r~  to  CM 

IN  to  00 -H 

OS  00  00  00 
—  — ^  C3S  t^ 

o  ^oo 

CDGO-3<0 
5>  COINO 

O  -*  t^  to 
CO  00  OS  CM 
00— 1  OCM 

00  00  CO 

OOTt<    rt    Tj. 

g^-^s^ 

--  OOCOC-l 

to  C^  OJ  (N 

—."*■*  OS 

COCDTf<  — 

CM  CD  too 

s 

5 

o  a 
so 

1 

CO     1      1           1 

OS      1 
OS       1 

1      1      IcO 

1      1      los 
1     1     ICO 

i       i   i 

o     1     1     1 
-*     1     1     . 

CO      i      1      P 

CO     1     1           1 

QO'      1       1              1 
CO      1      1           1 

1         1         1   Tf 

1     1     1 1^ 

1      1      1  CO 

.11.* 

1      1      1  00 

5 

OS      1      1      1 

t^     1     1     . 

to      1      .      . 

r^     1     1      1 
to      1      1      i 

g 

CO      1      1             1 

38   1   1      1 

^11        1 

CD       ( 

i 

(1     1  .* 

1      1       1  00 
1      1      1  cd" 

o      1      1      1 

r^     1     1     1 
^    (    .    1 

co"    1     1     1 

O       1       .       . 
C<5      1      1      1 

t^     1     1     1 
o"    1     .     1 

OS       1       .       1 
00      1      .      1 

T3 
p 

O 
"S 

B 

bi 

p 

s 

■3- 

t^csoo 

to  ■*  CO  CO 

t^  CO  00  ^ 

t^QOOlM 

■*  CO  00-* 

(N  -*  tOTjH 

t~— .  CD  t^ 

t^t^C^S— 1 

r~(Nas 

to  COIN  to 
00         -H  .* 

t^O  00  CD 
CO         -* 

CO  t^ 

o>c<ios  t- 

.*  to         CO 

— lO  f~o 

— 1    tOCOTj" 

|?32-S 

CMO  — 1  ■* 
to  CO  CO  CM 

'3  m 

o'2 

"2  3 

2 
1 

5 

sii 

c^  cs  o  o 

tOr^OOS 

CO  OS  OS  t^ 

ooo  00  1^ 

CO  to  *  00 

OS  1^  OS  r^ 

CO'  O  O  tO' 

21  miN  t^ 
■*  asc>  — 1 

OS  coo  IN 

CM  OS  -r  to 

CD  C  TI-  to 

os-<o  o 

d  oo-i 
cj-co'co" 

OS  OS  OS  to 

M< '00  00  CO 

■*    .*    r^    00 

rt  ^  OJ  o 

r-r-H-o'co' 

-*    rr    OS    — H 

00  'S-  C^  -.fi 
Co'cO— h'-*" 

oo  S  S 

coco  *  OS 
-T-ilN  to" 

to  'X  CO  r^ 

IN"-*"t~.'^- 

C  S  OS  00 

co"  -^"     cm" 

CD  00  *  OS 

cO'O  S  o 

-h"cm"o5CO" 

o 

"3 
o 

OC  CO 

coo  o  o 
.g  S  5  o 

CD  ?5  to  oq 

00  —1  O  CO 
CO  r^  K  * 

c~)  ooo 

I^  '3-  O  to 

CD  *  O'  r- 

'GO  O'  00  o 
IN  toOSO 
*  —  o  t^ 

^  OC  o 

O  O  CO 

to  t~'X  o 

— .   — .   -H   CD 

^  CM  XCO 

CO   'OS  OS   r— 1 

1,^  O'  ^ 
tT  -i'  of  to' 

CO  CD  ZD  CO 
to  to  -J-  t- 

OS05   *   -H 

—H  CO  CO  CO 
C^)  CO'  (?>  GO 

O  CD  CD  CO 

O't-TlN  oo" 

CD  t^  C<l  00 
in"  Cd"  •*'-." 

O  O'  OS  CO' 
CO  to  *  CD 

OS  00  coos 

O3"'0o"t)-"cc" 

t^o  CO  b 

O  ■*  CD  W 

CD  —1  CM  1-^ 

oJ^"i^"cd' 

> 
c 

o 
t/. 

E 

r 

cS  S  P 

•^"3 

o  c 
0!_ 

3  C3 

ol  o 

Georgia 

Idaho 

Illinois 

Indiana 

lowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

M  assachusetts 

M  ichigan 

Minnesota 

Mississippi 

M  issouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

Nortti  Carolina 

North  Dakota 

C^  l^t^35 

—  ot-co 

CO  CO  lO  >o 

00  O  C^  CO 

1  t^o 

,  O'  CO 

CM 

lo"  ^'  ■*'  :c 

OJ  OCCJ  00 

CO  c5  tM'  -*■ 

t^  ooci  I^ 

oo-a<^o 

00  CO  t^ 

CO        O  I^ 

<-!  ^  -* 

o'          CO 

.-I          ^  i-H 

I>- 

■0?3  CO  t^ 

CO  ^  CI  05 

o  coco  t^ 

(N  cno)  oco 

llO^ 

^ 

OiC^S^'-^ 

o  t-  co-^ 

lO  oo-^  o  c 

1  1-1  o 

03^0  IM 

1^  CO  CO  t-  ic 

'■*  OS 

r- 

<^n3>z^ 

Vco-t-Tx" 

TC^ZCTO 

cooTtCt^o 

1 IC^" 

^  CO  -*  ■* 

t^OI^lM 

-^  --^  C^  CO 

01  ^  CO^Tt< 

1  ^  X 

Ol 

!N  OS  t^rf 

^  Tjt,-^.-! 

r^r-H  O  CO 

CO  —  CTO 

iS^n^ 

^-^"Tf- 

^■"c-f^'io" 

CO-<  >0  CO 

1  Ofrt" 

i 

r^  t^  t^  lO 

CO(N  C  Tt< 

^ogo 

COCOCSO 

O 

1  »o  ■* 

Oi 

t^  Tj^  en  ^ 

X  lOCO^ 

Tt*  COCOI^ 

.XOl 

-^ 

i-^  (M  CO  00 

o3  CO  00  CO 

t^  -^  O  CO 

o 

1  COrt 

cc"  cT-T  co- 

oTo-m-o" 

co-co-co'c^r 

oT  x-oftC 

lO" 

lo--r 

co  ^  —  CO 

"*  -^  c^  t^ 

^  O  "OOO 

l^m  lOM 

Tj^ 

.xt^ 

CO 

■30  «  coco 

OS  t^  CO  CO 

CO^  «   Tf 

-^  (M  CO  t^ 

lO  ^ 

I>- 

oc^'Sm 

oft^-oo- 

coco'co-o" 

co-c-fc^r-aJ" 

1  lo-of 

oT 

Ol              ^ 

00 
CO 

CO  OJ  (M  rt 

C^  05  O  CO 

r~Tt<  rf  r- 

o^  oocn 

CO 

ll>04 

X 

oi 

00  aJ  o"  o" 

(MONO 

00  CO  ^'  "<d^ 

O  00  xoi 

oocooo 

T?  (N  iO 

lO  -^  •*  o 

TtH  Tj^  O  CO 

1     Tf< 

^ 

COiC** 

t^^        IM 

T-H      m^ 

^  cooc  o 

CO  C<)  CO  -^ 

coct^o 

at  CO  coco 

^ 

1  Tf  1^ 

o 

t^5  t^o 

cocs  >r;  CO 

CO  C  Tf<<N 

-H  I^iO  O 

G5 

1  ^  t^ 

^CO  00  "O 

CO  C;  OO  CO 

t^O  ■*  C^l 

^ 

.OS  o 

o 

CO" 

o'-s-'co'co" 

^■"o"cfco- 

co-i^oToo" 

orco"-d^"co 

la 

1  >-o-of 

^  O  'Oi  ^ 

O  "^  o  ^ 

■*    CO   ^    T^ 

»o  X  o  t^ 

1  X  -.^ 

t^ 

^.^'JHCO 

^  lOC^O 

COIN  lO  W 

^  X-*  ^ 

O 

r^  1:^ 

crco'--0'  (M 

^  >0  CO 

CO  CO  ^  t-- 

TP  .CO  CO'  -Cf 

.        CO 

CO 

t^ 

iC  00  O  05 

(M  C0>0  lO 

00  00  lO  CO 

COTtH-H  CO 

o 

1  XX 

CO 

CO  -S<  3;  -^ 

COOO  ^  Ol 

t^  ^  X'  00 

■*  -*  .^  CO 

o 

1  Ol  o 

C-3-X  X 

cu;  t^^ 

^O-HOO 

X"CO  X 

lO 

1  XX 

1*" 

^"u3"o"t-r 

o'-^o-o- 

l^-x" 

O  00  C<I  o 

S  coo  00 

CDOCC  t~ 

t^ 

1  r^  t^ 

O  ^  00  CO 

to  CO»Oti* 

ICO  CO 

CI 

00  !N  o:^ 

OiOlCO 

CO-1<CO^ 

X  t~(McD 

1      t^ 

C<1              rt 

s 

1 1~    I    1 

^ 

Ol 

loo     1     1 

CO 

CO 

;„    ;    ; 

•a 

f~ 

X 

1  (N     '     1 

•^ 

(N 

ITiT        ,          1 

o" 

00 

(M 

t^ 

1  r^    1     1 

o 

T(< 

1  *"*     I     J 

'"' 

a> 

loll 

o 

^ 

1 1^    .     1 

o 

o 

iO>      .      ■ 

03 

CO 

iX       ■       r 

1^       1       r 

r~ 

CO 

Ico"    1    1 

^~* 

o" 

OJCOf-.-i 

t^CO^rf 

CT>05COO5 

•OOCOiO 

o 

icco 

^ 

•^  Ol  ^^  o 

^  T^'  '■a-:  lO 

"^  r^  t^c^* 

03  o  t^  a; 

t^ 

rf  CO 

00 

OIMTfO 

COC»--H-*> 

CO  -^  CO  CO 

!N 

C-JCOtP 

CO              rt 

T-.                (M 

o" 

OIMOCO 

OO^CO 

.-^OJO  o 

O  O  O  01 

~ 

Icoo 

t^ 

o  »o  t^OS 

r-HCOlOr-l 

O  (N  O  IM 

(M 

X 

—1  irqooo 

lOO  >ocn 

^  lOCO^ 

05  ^  O  CO 

1  >oo 

o 

-Tco-rt-ffl- 

t^io^cOT— - 

Cit^c^iS 

-T^-^-iM- 

^ 

1  io~o 

ut  OS  ■*  »0 

^  t^cO  CO 

COCO!N  Cq 

CO  CO  »0  05 

1  CN  C 

CO' 

C33  00O5CO 

lOCO  t^OJ 

lO  Tf  ic  o 

(M  r-.  (M  !M 

CM 

lOTf 

^-|N~       OO" 

(M^IM't^ 

lo'of      Tf- 

CO  CO~»o"T-^'" 

co" 

1    T-^ 

o" 

^rfO-< 

OOOO  N 

lO  OOO  C<I 

X  X  O'  w 

t^ 

1  o  o 

OS 

O  t~(M  CO 

oo  t^c» 

COCSO  [^ 

C0  050IN 

t-- 

iO)C 

CT>  C0C3:  -< 

O00-1  CO 

^  I^ t^^ 

^  (M  ^  ^ 

lOO 

CO 
CO 

r^c^f^-t-r 

»o  cd'co'od' 

coos  lO  CO 

CBO  ^  O 

OCM  lo  r^ 

O  "*  Oi  o 

o 

1* 

^  t^cO  uo 

o-H  en  30 

CROiC:  t~ 

t^cq  oi  o 

1  O  X 

yiiOi-^iS 

^ir^^^ 

<Sm,-^aa 

■OCD-O'OI 

co" 

IccT 

^- 

CM              w 

" 

i 

CO 

2   1    'i 

B   1   1 

p   1   1 

'  C3     1     1 

5  1  1 

!  '  i  s 

'si' 

O     '      1 

O    1  o 

1   :   I'S 

Rhode  Islan 
South  Carol 
South  Dako 
Tennessee.. 

d'3   :    1 

] 

1 

Ohio 

Oklahoma 

Oregon 

Pennsylva: 

Texas 

Utah 

Vermont.. 
Virginia... 

Washingto 
West  Virgi 
Wisconsin. 
Wyoming. 

C3 

< 

2  C3  p 

03 

o 

75 


»  11 

C 
?2   SJD 


S    3 

5: -5 

T3t3 

^  r 

■5  "ft 


O'  I--  ^  CO        O  O  t-  I 

CO  »c    '  »o      ^  CO  «o  q6 


CM  CO         CM  OCO  C 


O  Tt^  lO  ^ 

GO      '  CM  "C         CM  CO  CO  t-^ 

■-'  CM        ^-^  'Tf  ^ 


^^-^'^S!         Q^^^         pT-HiOcC         OSOOCDCM         CCOiiOOi         C^C^CCCO        Tt^OOOOCO         CM^-OOO 


o  .-H  y::  ^ 
;C  cC'  '^  -rt^ 

■^  o  CM  r^ 

■^  Oi  -^  -^ 


■  00  O  --^         ^  GO  ■-<  lO 


00  CO  CO      »o  <-H  o  CO      o '— t  CO -n^      lOt^-^co      .— icotp-^ 


lOOOOCO         t--I--COCO         a5Tj<.— i'X>         COt-CMOO         OOiOOi 


---         _- ...._         h-CMOCM         CMOCMt^ 

^OO:         t--.CMCOCO         .— itCOCO         OOOOIOO         lOr-H-^iO 


C'  00  r-  00 


^^ 


OJ 


•O  -*+<  CM  O 
■"ioco 
lOCM 

iC  O  CO 


OI^CC^   COOl'-HCM 


O  O  '^  t^ 
1— I  t^os  as 

lO  00  O  CO 

i-Tic  co' 


<— ' --t*  GO  lO  O  Ol  O  CM  «C  CM  Tfi  Oi  00  lO  h^  CO  O  1^  lO  "^    CO  OS -^  GO  lO  O  OS  lO   CO  "0  t^  OS 

lO  •— I  ^  CO  CO  O  O -^  lO -rt^  CO  00  O  CO  »0  O  OS  OS  OS  CM    Tt*  .— I  t-- 00  to  CO  00  CO   1-H  OS  OS  CD 

O  lO  OS  CM  C^ -Tt*  CD  CD  COCMOCO  ^00*0*0  OS  i-(  t^ -^    lO  O  ^  CD  GO  t-- CO  CM    -^  ,-(  t^  r-i 

^r^co  t^  o'l-H  r-^oT  ^cm'ocd"  i-ro"to  i-T  TtTio  ^cm      co'oo  oTi-T  o'co'cM't^     oTcm'tj^'cd" 

COCM":)CM  lO^cr.r-  CMI--CM»0  OSOr-CM  i-..01COr-.         Tf-HX-CO  OOOS— tCM         ocd--^-^ 

t^,_(»o,-(  -^.—.cOW  OOOCMO  Tff— ICO'-'  t-CMOrH         cD'^'-^O  CMOSOOO        "^t^CMCD 

CO*"-—*  r-To  iC  »0 --riOd  ■^"■-H  CO  »0"  lO  oTo  CO  «-hOs' cm' CD         ^cO  COi-T  CO         •"H^CT        CM  CD  CD 

^^lO                            I— (  C<li— I                     .— I                            ,_HCMi— iC-3                                  CMt^ 

I— icDCOiO  0h-i0»0  CD"— <00»O  COOCOOs  -^CDOSCO         iOCM'-hI^  Oi  -^  *0  Oi         t^COXOS 

CDi-hCm'^  r-^'-HCMCO  GOCMl-^OC  CD»Cr-^CM  ■*'t-*o6co         COi-^odo  CMCOiOO         CDOOCDcd 

^■cor-    r-H— (,— <T+(,_,coco        CMi— iccr-'-'-t'ocM        cmi— 'C^^**?-! 


"3 

3 

^  00  ^  o 
O  t^  CM  CO 

O  '-C  ■<*■  Tt^ 
^  '^J'  C^l  t^ 
CO  t^  C<l  — ■ 

t^  01  ^  t^ 

-rt-  ^  ^  00 
>OTf  00  (M 

00  10  >c  t^ 
CO  00  ■'f  CO 

CMiOOTjt 

0   Oi    T-H   -<Jt 

rt  COOO 

r^  0  CM  0 

»0  05  CO  T-l 

OOCOOOD 

CD  -^  t^OS 
CD  CM  OS  OS 

■c 

t^  '-C  -^  rf 

1~  Tf  Ol^ 

ic  ^  r-  00 

-*  «5  00'»< 

CM  0  ^  0 
CM  00  CO  ^ 
OCMO  >0 

•0  CM  C>)  C>1 

000  "O  0 

t^o  c«-*> 
t^  "*  r^  CM 

CO  -C  OUO 

^  '00  000 
0  fcj  >c  0 

CM 

CM  ^  CM  00 

r-  GO  CO  0 

CO  00  OS  10 

fe 

ig^-'g 

00  i/^  rt  00 

00         00  CC 

0«  CMOO 

— ■  lOOCC 
CM  CM  —1 

CO  -O  CO  0 
CO         COrt 

CM  CO-^  ^ 
CD 

Vj 

pooco 

r^  ^-  o  o 

OOTf  OO 
OOCOOCO 

CM  Tt<  Tf<  ■»• 
1^  CO  CM  00 

CM  COO  -O 

CO  '00  r^  0 

0:  lO  ^  0 

!-■*  ■*  05 
OiCO  CM  ^ 

0  0  0  »o 

OS  02  Oi  ^ 
OOCM  CM 

^5"  CO  CO  f^ 
i-H'-^OJOO 

"3 
o 

tc  oc  os'oo" 

CO  ^  »0  C'l 

-Mco  —  a; 
-<'  CO  of  cd' 

OS'!'  C-)01 
O  — 1  coo 

-0020:0 
— ■     o'o' 

■O-H  0  "C 
00  00  »o  0 
o  —  coo 

oi'cM"o't~ 

0  00  Oi  CO 
coco  .-10 
Tf  coo  "O 

c^f  t~."oo'co' 

-H  -»■  010 

■*  CO  0  ■* 
0  t^  L-:;  rp 

^"[--.■■rf'co'" 

rooooio 
^'^"CM-CO* 

^  10  CM  CD 

co'oo"o".-r 

ococoo 

1-H   'O^' 


CO  t^  CM  10 

^  CO  •*' 


*  -^  10  --H   O  ■*  O  CD 


CM  OS  CM  CI    —'  CM  1 


H  t^  tP    O  go  C 


O  tC'  »0'  CO    00  O  t^  CM 


OI--COO         COCDGOGO         r-^iO-^         OcDOCO         --< 


lOiCtOcD         O'-HOSO         OOS'-HCD         COCOCMOS         C'IiOCD'-h 


Oi  CO  O  CD 


3  O  ^  O         t^  CM  ^  O 


CD  Tj*  t^  C 

CO  O        03 

cm'  03        o" 


t--  CD  »0  iC 


r—  o  ^  CM 

^  Oj  QT'  lO 
r-H  :D  COO' 

co'  c^i  cm'  of 


CO  O  Oi  OS 
CI  CO  t;  ^ 
^'  'T  cm'  c:' 


CD  CD' 00         CMCDOOO        OO.-'OSiC         lO'rt^OOO         OO-^O         cDO"-!* 


I--  CD  *0  t^         »iO  CO  CM 


O  OS  CO  CD        ^  OS  ^  CM 


)  Tj*  r^-  CI      '^  o  GO  CI 


CMGOCICM         COCIt^CM         iOI~^t--CO         00»0i0         OCOOO^         lOOCMO         OS 


_3CJSCM»C         OSCO'^OS         --_ 
^CDiOO:         GOCMTfCD         CM'D^ 


<  GO  OS  GO         r-'*  .-H  GO 


"*  OS         CO  CO' 


;■  00  '^ 

00' cj" 


00s  ^ 

C  O  -^  OS 

-*':o*co  cm' 


^  O  '!**  CO 

CO  o  w  r^ 

CM  CO  CM  CO 

CM  co'  co'  ^' 


Tf  OS  00  GO         1— « 


CMOS 

06  r^    I  o 


CD  o -rr  ■^      o  CO  o  o      .— loor^o 
oocDo      t^osoo      r^ioosio 

00 -^  t- CM   OS  O  O  O   Tt^  OS  CO  CO 


OS  01  lO  OS    OS  CM  ■' 


iOOS»OCM         Oil^CMCO         .— tiO 
-'--      <o         lOCMOOO         CMCM 

^      cr--H'os'-^'      -^'r-' 


O'  CD  O  O         CM  CI  CI  OS         1-": 


COOCMO         00000         --Ht 
t^OCOO         O— 'OO'         rt^CM-H' 


-OS  '^  OS 


CO  lo  ir:  OS      lo -f  o  o 


•  CM  CM  '^  O  lO  C 


O  CD  CM  --<         O  CD 


r-i         --t         CM 


OS         CD  O  00  O 


OcOb-  CM 


CO  O  O  CD         O  O  CM  lO 


GO  O  CD  Tfi 
t^  T-H  00  »o 
CM  OS  t^  t- 

r-'cc' 


'    ■         000  r^  CO      CM 


00         OOiOh-t--         OCD-^^         O 
CM         COOSCDOs         O  CO '-' CO         r-H 


t--OS  t-H  CJ 


;  CO  r^"*      i-H  Tf  00  o 


00  GO        -*  OS  CO  t-^ 


GOOOOCM 


^  CD        CO  O  OS  O 
O  t^         CM  O  CO  CO 


00  o      t^  10^  o 

CO  O        OS  OS  00  CO 
OS  O         CM  l>-  "^  lO 


r^  lo      OS  00  o  lo 

OS  CO       .— .  ^  .^r  ^ 


00      OOCM »-; 


OS  o      CD  r^r^  .-H 
^  r--      CM  ococo 


<«o 


'o  o'a3 
00 


P4     O 


5   C3    OJ   o 


.a  t-  CO  ei 

C3  C3  C3-- 


t3m 
Pi  M  m  g      ^  >  & 

.,-^  .«  .^    w  GJ   Qj    Ci    O  CJ 


^ 
^    ^ 


°5 

Qi   O  O 


76 


O  CO  CO  ic 

1-H  lo  oi  CO 

^  CO   CO 


CO  ^  '^  ^ 

t^  -^'  TP  t-H 


GO  Ca  CO  t^ 


05  ^GO  t^ 
.— I  CO  O  00 
lO  (M  CO  iC 

-dTo'cO  CO" 
lO  COTt*  (M 
^COiCOrH 

I>r»o"       CO" 


CO  t-- "^  CO         O  CO  O  00 
-^ -^  <M  lO         O  Ci  CO  OO 


t-OiOO 


OOr-l 
CO^r-T 


OO  CO  '-H  iC 


1—1  CO  t^         00  Ol  c 


H  Oi        O  ^  CD  I 


iC  lO  I-- CO  lO  GO  Oi -^  Oi  CO  CO  r-  ■^  c^  co  oo 

OSt^iO^  lO  Ca  (N  CD  1-1  00  CD  GO  00  CO '^  iC 

CDcTc^-**'  iOio'tJh'o"  OCTo^O  o"'^'"--H"t^ 

-*  O  <M  !N  CO  O  05  ^O  Ci  "^  CO -^  "^  00  CO  C^ 

00  CO  ^  CD  (NcDt^QO  O  to  1-H  CD  CO  WO  ,-i  T^t^ 

oTcTi-roi'  Tr"rt''rH'ai"  cow"      lo  ccoicrT 


00  O      '  ^         CO'  c 
^  CM       I  ^  •-' 


C<JCOQOOi         (MC5CCO0         Ort<<NCO        COr-..  _,. 

COCO00--H         -<f  •OCO'*         OOOt^cO        .-(OiOCD        TtiT-HC^CR 
T-HTj<OCO         C<1Q0"^00         »Ot— tcOi— I  lOi-HOSCO  " 


CO  tP  lO  (M        .-«  CD  o:  GO        CD  ^  r^  O        ^  o:  GO  cD 


;  i>-  CO  ■<:« 

I  CD  o:  GO 

CO  O  i-H  (M 

'>^*"-<:JH''i-rod 


»C  t^  rt^ 

_  ^  r^  c~ 

CO  00  (M  ' 

ari-H"T:}rc 


CO  »o  c^c 

~    GOC_ 

o"*o  00  co" 


OCOCDCSl 
05  o  c^  t^ 

ir5"o  CO  cd" 

CDO  »0 
t-  QO  O? 

I>^        CO 


1-t  CO -^  00        1-- GO  ■^  Oi         CS  r^  C5  "^         1— t  lO  .— I  CD        C>  O  OJ  CO 
'-(OOO'*         lOcOCOOl         O  Oi  r-H  CO        Oi  O '-' CO         O  O  O  00 


—IT}!    0-< 

Ot^  c  o 

U^-rp  ^  OO 

^Eio«5 

O  O  ^  Tf 

iQ  GO  iC  O 

iJ^  CO  t^  ^ 
05  !>•  CO  (N 

t^  COCO  ca 

05  CO  -^  -^ 

t^  t^oco 
oo  »c  c^  ^ 

00  ^  CO 
■^  00  ^ 

<M^  t-cD 

COCO^O 

«(M  "CTtH 

^  OOi'J' 

O  rt  t^ 

00  CO  O  i-H        Oi  O  lO  O         O  CO 

Tt<  "^   O  ■^  ,—(0^05  -^  CO 

1— 1  00  T-t  CD         lO  O  00  ^         UD  Ci 


Ol  cO^  CO 
05  O  (M  -^ 


Tt^io.-ia>      05  o  (M -^      ooo 


iO(Ni-ii:^      oococo      0"0 

OOOrf^^        .-lO^l^        CO(N 
COC0030        OiOCOi-l         OOTh 


.-lOlcDOS         COCOCOCO        ^  lO 
COOiCDiO        1-iOiMai        c^»o 


■^  CO  1-1  00 


00  (M  «  t^ 

t-^oicoca 


TtH  CO(MtP 

GO  CD  CO"  CO 
CO  (NCO  t^ 


00        01  CO  o  c 


■^  loi  o  r^ 

05  »OCS|  Oi 


1-1  CD  r^  CO 

T-4CO     'o 


CD  (M  »0 

<N        "i-H 


P3mcoE-i 


S  MC   bo 
•m  M  S  ° 


COOOC^ 

O  i-^  o  t^ 
-*  '^  »C  CO 

O"*  OI^ 

siii 

-*" 

CO 
CO 

so  a  ■o'co" 
(M  OCO  lO 

Oi  t^  00  i-^ 
^  t^  U^  00 
^OCOIM 

O  >0  00  CO- 
NOCO (Nt^ 

O  CO  ^  t^ 
rt               CO 

^c^^ 

t^  ^         00 

'J'  CICS  CI 

(M  O  O  Ol 
(MOOCTS  ^ 

O  O  Clio 

oooc~ 
u:;  "^  lO  ^ 

oooow 

^  ooo 
CO  o  ^  o 
C-1  oooo 

CM 

co" 

coo  CO  t^ 

rH  -^^^  C^  C<I 

Tt*  CO  00  rH 
•OCO00O3 
.-1  00^-1 

co" 

(m"  to  1-1  co- 
ol           "O 

OCO  CO  CO 

77 


^  t-^  CO  r^ 


Oi  CO  I 


>o  -ji  X  ^ 


l-H  O  »0  M 

r-Irt  Oi-H 


c 


"0  u 
C   * 

;3« 


_:,  be 
2.5 

-B   5 

va 
fa- 


^  S 

;^    0 
fi 

y5 


C  o 


-*  CD  C^  00  - - 

CO  C^  OS  00        i-H  00  CO  OS 


Ol  -P  1— «  ■^ 


■^  00  t-- I— '  -rococo 

1-H  00  CO  OS  CS -rp  .-H  lO 

t- CO  CD  O  O  tP  to -rf 

c4"coi-^t4"  co'r-^odco" 


OS  O  00  --H         ^  c 


-5  c 


CO  CD'  ^  C^ 


00  00 -— '  CS  t-- CO  O  01 

(N  w  00  O  <N  .-1  lO  O 

OS -^  00  CO  ■— I  o  o  to 

^^'o»o"  r-Tci^o 

'tOODO  COOi-HC" 

'  fM  O  t^  i-H  I-  lO  - 

(m'  "tt  ^'  (m'  i-T  (m'  cs' 


(N'-«00O         C^i— iiOO         1-i-^l^cO 


OsjOcDO        COOi-HCO         OC^Tt'CO 


■*  r- 00  O  c^  CO  »o  i-H 

5  OS  GO  to  CO  Tt*  r- 00 

s  r-  CD  t-  o  o  t-  '<*< 

^tOTf't--^  t-TrpOs'od' 

:-  CO  '^  CO  .-I  ^  t^  cs 

H  ,_,  ^  0  CO  -"If  O 


^      (M  I 


;  '^  00    CO  CO  I 


CO  t^  cD'  00   Ol  I— "  O 


to  OS -^  b-   00  OS  O  00   00  CO  O  Ol 


O  (N  O  CO    OS  C 


.-HiM'MO        COt-r-CC'        COCOOSt-       Tf^OOO        ■^cocioo 


C3  --H  00  00 

5  to  (N  OS 


-  <M         CD  ■^  -^  .— I 


OSOOtOOS         X>  Oi  r-*  v~- 
■^  to  .-H  O         .-"OS 


OOStOCS         CDh-CSO         OsiOQOTp         t^OOOt^        i— t'^CSCS'       i— TcO 


lOCSCS.— '    OSOCOOC' 


^?^^^,    ^^.9,"^    ^.^^,s    s:^5:^    o:t^9Q 


r--  CO'  cs  CO   to  T-H  00 


cs  cs  t-    CO  CO  CO  r 


t-H      CO  00CS»-l 


to  cs  1-H  to 
cs*  t^  cs  OS 


OS  CD  OS  t^   O)  OS  CO  I 


;;^S;:?:     5ei??^S     .^,92^2     3£!£S3^     «r^o:t     cocoos^ 


CDCSO-^       r--COOsGC       COCOtOOO       OsiOCSCO       cocoos^^       -^  -rr  cc-r^       .— it--coco 
OCOCSi-H         1— lOOSl^         COOtOO         COtOOSCO         iOt--Ot^         CS.-HCS-t'         COrt^CO'* 


r-  CO  CO  -^ 


OS  o  GO  cs      OS  t-h'os  CO      cococoos      oscscot^      osr-- 


*ODOCO  h-tOtOCO  -       _ 

jiO'OO         OO'^CO'*         COOSO'OS 


o  oor-— t 


r-(  CO  CD  lO 

cs  to  CO'  CO 
to  cs  t^  Tf 

to'oc'os'to' 
r-  O  CO  CD 

to  to  -^  o 

i"  OS  OS  co' 


^  COOO  ^ 


OS  OS  ^  00 


OS  OS  T-<   CD  CO 


co^   — (   cs 


;  to  cs 

-    _5  OSr- 

-*•  CO  t^  to 
•O  CD  cs 


h-co  cs  t^ 

coco  --H  t^ 
OS  GO  to  Tf 

co' to  oT 


^   cs  to  ^ 


t--^,— I— 1         Xi-HOCI--         OtOCOi— <         .— <"rfTPCn 

~-rfi--os       cocor-"^       ocor-oo       osoooOO 

OO-— tOS         QO-^COtO         t--OOOCO         COOSGOCD 


cs 


CO'  t^  to  OS  GO  CO  I—"  • 

to  r^  cs  CO  cs  00  1— ( I 

tO-^OO  OtO-<!fC 

x'  r-*  to'  x"  ^  co"  o  : 


■CO   -x;  CO  o  cs 


J  X  O  1— (   "Tf  CO  t^ -^ 


cs 


OtOXCO         r-iXOOOO         CSOCOOS        COCSCSO        COcOr 

;i-'  -"T  i-^  ^'      ^'  to  -^*  x'      -^'  c^i'  os'  t-       -f'  -rf*  i-C  CO*      i-T  o"  ■• 
c-j^iTj^  CO-' 'CD       -r.—  to— .  cs       C^.-hC 


■^  1—1  CO  CO 


-*<  t^ 

00 

(M  (M  00  r^ 

^  tDTt<r^ 

00  CO  00  CO 

t^n^ai 

I,  o 

^  OO) 

Oi  ^  00  CO 

to  to      o 

tdoo'— (C2 
.-1        COOl 

-2 

$809, 126 
6,  511,  ,5.32 
3,  636,  066 
26, 142,  493 

6,  595, 190 

8,  729,  168 
540,  000 

9,  689, 100 

2,  282,  480 

2,  768,  700 

40,  796,  561 

487,  800 

1,  741,  850 

4,  227,  624 

89,  245 

4,  213,  755 

495,  480 
8,  .381,  055 
16,  949,  092 
7,  820,  074 

7,  968,  313 

17,  .551,596 

11,459,363 

124,916 

3,  078,  688 

3,  350,  517 

818,  266 

18,  279,  297 

4,  393,  409 
19,  534,  905 
4, 465,  252 
4,  214,  452 

8 

03  1<0  t^ 

cs  to  lO  ^ 

isi§ 

MO  coo 

SSg8 

Tf  O)  oo 
CO  to  CD  iO 
C^  CO  -<*^  Cft 

OOoStO' 

O  o  CO  *ra 
c;  o  "t  c; 
to-*  cncs 

MB^iU 

to  OS 'ct^  CO 

Ol  tC'  1^  -* 
Ol  CO  t^  CO 
OC'  ^  CO  <M 

-<^  oso  to 
i^oSto 

t^OtC  CO 

C3J  o  asS 

^  t-OO^ 
CO  05  1^00 

cs  to  — 1  tC 

■OtO  cs  Tf< 
C<1  CO  to  00 
00  00  00  o 

CO  OOOJ.- 
'O  tC'  CS  Oi 

00  t^OO-H 

§852§ 

"*  lO  o;  CO 

r^co-^  CO 

^ 

^IC^-^- 

-S    22 

coco^ 

cs  ^        XT 

""" 

OOOSIM 

coco      o 

Tj*  cs  to  Tp 
CO 

O  OOCO  O         OCD 
CO  — '  CO  O         —(  CO 

cs  r-  CD  CO       t^  to 


H  OO  — (        oo 


CD  to  CO  O  OS  GO 
CO  O  OS  00  OS  -^ 
O  t-^  to  h-         CD  00 


CO  X  o  o       -*  c^ 
cs  —  00  cs      r^cs 

OS  cs  CO  00         CO  CO 


■*  I^  OO  CO 

coco  lO  t^ 

O  'f  CO  OD 

00  r- 

lO 

CSCOTt< 

00 

^co 

to    -*"   .-H 

•rr 

r^ost-co      Tfooo      t-oc 

-^OOCSCD         COCDOtO         OCOt 


-  CO  ^ -^         O  CD  00  I^         — I  O  CO  O 


oc  o  CO  t^       CO  cs -^  O       t-- to  X  to 


■^cocscs       wcoosr-       cDtor^cs       — iCSiO-^       -rt^COOCO 


cs  X  O  cs         Ot^OCD 

■ w  CO  OS  r- 

os  o:  1^  c:s 

r'X'o''*'" 


w         — I         CO 


CO  CO         -— t 


"^  CO  CO  OS  O  00  t 

-;  to  r^  cs  — I  cs  L 

::  o  o)  r--  cs  '^  X  X 

cs'co*Tf*  ^cc 


to  OS  cs  CO 
to— I  OS— . 
CO  ■*  i-H  CO 

— r '<:*'' CS"^*" 


;  OS      ^  '^  O'  o      CD  t- 


:'CO-^os       ooox»o       coc 


tO^  CSCS 


ocoiocs      xtooo      OOCO— tcs      cococoo      oooso      coi-^r-— < 


— 1      — I  OS  cs  cs      — (  OS  o  to      t^  r- o  CO      cs  i>.  o  cs 

CD         t^tOtOO         OS— tOt^        COOCOtO         tOt^iOCO 
to         to  OS -^  cs         CD  GO —t  to         t- '^  t^  cs         cs  CD  OS  CJS 


CO  CO         1-1 


^  coc;      cso 
—.to      — I  cs 


CD  i^  to  OS       CO  '■^r 


to  cs  OS  — < 


-*  to  o  t^ 

cO'^  to  cs 

rfrt  CC'O 

— Tto  co'co" 


to  o  ca 

ww3 


Ills 


&>"    -S 


.a  .a  .IS  o 


s-  C3  .^ .. 


CU   OJ    O   O 


78 


O  COOiOi 


'^  (M      tcD        t-H      1  COO 


jCS      I  ^        ^ 


lO  cc  CC  O 
CO  C<l  CO  CO 
-   (NCOO(M 

o  r-Tod'-r 

^  CO  O  CO 
-^  iC  00'-' 
lid  CO  CO  c^ 


;  c^  CO  tM      oc^  00- 


.    --         GO  00  cft  o      CM  o  t^  as 

^Oia:>         (M  CO  (N  t^        00  i-H  l>- !N 


CO  (M  Oi  CO 


^  CO  o  CO  cN  CO  r^      lo  o --H  V 

" |>.iOCD         CO  t—         -— I 


3  Tt^  1>-         OO-f  Oi  CO 


^  ^  ^r-H 


■^  CO  lo 'rt^  (M  a> '^  00  t>r^-*-rt^  »o  o  <m  go 

UD  Tt^  OS  Oi  Oi  C^ -^ -— I  OO  O  OO  Oi  lO --h -^  CO 

O  CO  i-H  (M  !M  ^  Oi  r-i  00CO(MC0  t^  (N  CO  CD 

c^Ttd-T^jT  iC-rj^'t-Tc^r  co't^-^'cT  odoo-Qdco 

GO  Tf<  »0  CO  CO  CO  Ol  CO  CO  C^  CO  (N         >— <  O 

i-HOOCOOi  i-(  CO  O)  (M  GO         Qi  --H         r-H  lO 


»o  o      »o  (N  cs  r^ 


0>  GO  "<*  GO  00  00  t^  CO  O  CO  »0  M  t-- »0  (O  OO 

o  lo -*  CO  fh  CO  Oi -^  CO  r^  00  to  -^t^O'— i 

■^  as  OS --i  »o  as  as  t-  ococoos  cooicocs 

lo^i-TaTt^  i-TaTod cT  -^"co'co'co"  co  co'io'co" 

OOOOO"^  Ol"— lOt—  1— lOt^iO  "*cOcO»0 

OOi— liOiO  OSOSiOiO  lOi— (CSIC^  t-Ot-GO 

5".-r  odicaTt^  GOcoio'aT 


OO  --I  CO  O    00  C 

CO  r-H  ,-H  t--     ,-H 


,— '  r-H  (N  OS   O  O  CS  O   iC  r- lO  O   -#  CO -*  «o 


CO  O -^  (M    CO  »0  t^  00 


1— (  -rH  (M  GO    r^  00  C^  »0 
00  OS  OS  GO   1-- t^  .— (  .— I 


00^^  05 


lo  CO  oi  GO  CO  as  o  o 
CO  r- lO  o   (M-^coco 


.— 1  iC'  1-H  as 


CO  »o  o  oa 


CO'*  Ir^  as  GO  O 
CO  ^  lO  »0  GO  C^ 
CO  OSCO  00    GOO 


^  .-I  00  o   to  c^ 

CO  o  00 1— I   a>  CO 

<N  CO  COrH    ^^  »0 


'O  O    GOCO 
:0— < 
t  OS  CO 

'  Op~cO~ 


1-1  CO 


I  -*  (M    O  t^ 


lO 


r^  t--asco 


:  I--  T-H  OS   oOi-H 


■  as  (M   o  CO 


3  ^    (M  00 

.  -as  1-1  c^i 

■  to  lO   ^  ^ 


rH     T-H  CO  "0  T-H 


ooot-  uoocooo      ocooo      ot^ot^ 

CCr^OCO  (NOi-HW         ^tPCDCD        COCOOCO 

OOOQOI^-  !-<  CO  CO  ":>         (N  <M  O  lO         00  CO  CS  CO 

as'-*"co'".-r  co-*"ot-r 

OS  GO  GO  CO  »0  as  lO  OS 

CO  I^-  lO  OS  (MCOr-H,— I 


CO  GOO  I^- 

CO  r^ooo 

lO  -*  GO  I^- 

t^t^'r-ToO" 


CD  OS  "^  t^ 
»0CD  !M  CO 
lO  00  t-  00 

OS^CO^C^'iO" 


to  lO  (N  00    O  O  (M  CO    O  CO  00  O    I>- GO  O  »0 

OO-^COaS     lOOr-Hi-H     OCOOSO     I^OOOr- 


^  as  o   o  CD  o  to 


1-tO  tO,-i 


(NCOOOO        OOCOOOS         Ob-as-*         r-iiOiOGO 


CO  osc 
O  b-C 
'^  coc 


O  00  CO  CO 


OOOfL,     Pimmir* 


C3  C3 


2  MIC  bi 
bD.a  'S  c 

It  §6 

m  m  S  O 


C3  J3 


aS 


d.2 


79 


-ss 

so 
in 

ON 

!>. 

5 

Miles 

363 
122 
111 

478 

00  00  1^  (N 

^  Tf  CO   ^ 

CO  CO  00-* 
CO  05  00^ 

lO  IM  CO  CD 
>O00^  rt 

OS  CO  CO  o 

(M  ^  rr  -^ 

-   -^ 

00  lOI"  lO 
O  lO  CC  0 

§§ss 

OOOTf'J' 

OS  00  CO  C-) 
00  "O  t~  to 

iiSi 

N>0<Mrt 
COO  »0  lO 
—I-"}"  IMTt- 

o  '^  »o  »o 

3 

:^  cc  cc  CO  as 

S-  - 

CO^  rt  o 

(N  -*  O  >0 

(N  iM  »o  r^ 

CO  (N^ 

(M'  U5  ,-H  rt 

OSOSOS  ^ 

CO  (M  .-H  i-> 

3 

Ht^-rtH  CO 
as  05  t^  r-  CM 

00  ^  ^  I^ 

•oooo  t^ 

OIMOCO 
OO  00  00 

h-c^  coo 

CO  00  ^  CO 
1— '  1^  cs  t^ 

OS  COCC  OJ 

05  r^  o  CO 

CS  OS  Cl  t^ 

^  00  CD  to 
CO  -^^  c-^  -^ 

OCOOO 

t^^CDCOCO  O 

CO  ^  ^  o 

co-*o  "O 

CO  C^»iOt^ 

IN  lO  IM.-^ 

OSOOSTf 

CO(N-H  rt 

^    ^    ^  _   CO  (M  ^ 


<M     .-H     ,-H 


(NO    i-H  CO 


O  Oi  t^  CC    t^  CS  t^  O 

CO  r--  Tt*  lO   t^  t^  -rf  o 


1^  o 

.  ,  J  00  CO 
lO  CO  IM  CO 


00010:00    CS  CO  C^  »0    OS  iM  CO  I 


00  00  CO         CI  CO  t^  00 


.-H  CO  t^  10        CD  <N -^  ^ 


r-- 00  >c  .— «  o  00  1— <  r- 
:)  ic  ic  t- .— '  i-H  00  »o  00 
^  10*  c^'  co'  co"      -^^  "^'' 


,-H  h- t,  r^  O  00  ^  CO  CD  O  Oi  ^  rt<OCi.-H  Ol  "*  CO  t^ 

CD  (N  ^  CD  OOCDOiOl  O  Oi  ^ '^  00  •+  O 't*  O  CD  Oi  QO 

OlO-^OO  iCiC'-HOO  OOOSCOCO  "— 'Oi-^00  »o--oc^ 

t-^  co'  01  "^  Oi  t^  ■^  c^'  ,-H  i-T  t-H  CD  00'  ■^'  00*  »o  «o"  (N  i-T  i-T 


5  CO  CO  CD         O  t^  00  CO         00  Oi  - 


GOCO(MO  r-CDcDCO         COOICDCO 


;  ^  CD  O:  CS        (N  W  »■ 


COiOCOfN         t^cD-— 'C^         CDOiOC 


0»0"^        i-hOs-^C^        OiCO-— 'Oi        OOt-hOOO:        CD-— 'C-IO 


JCOr^        ^1— <         40         00C0O»O        Or-'^CO         .-hCIIMcO         OO^OOOiO         lOC^rnCS 


510*010         COO"*^         OCN'-t»-t        COOiOOtN        COi-«00CO        cDOl^O)         00^.-iOO 


(N(M^^        cDCDt-^ 


,-1        »-i        »-i        CO  o^ 


1010        -^  00  Oi  (M        CS  fH  CO  CD 


(M  iM  (M  Tf         »0  GO  00  00         ^  h- ,-.  .-h         O  C^  O  »0         r^ -.:t*  r^  lO 


IM»000O         'Tt'iOCOO 


Oi-H(M  O 
GO.-I  CDi-H 
t-cD  O  W 


»0  Oi  CO  CO 
t^  (M  00  00 
rt*  10  i-t  i-H 


O:  (M  (M  CO  ^  00  r^  CO  »C  10  00  lO  .-1  Os  Oi  CO  O '^ -f 
■  i~  r-iOcOi— I  COh-CD*C  ,-HtO.-<01  COOSuOCO  O'^'-'iO 
.— (         ^cDcOr- 1         l^t^cOcD         COCO-^O        OiCD.-i(N         lOOC^CO 


p  03  ^  C       'dtj  U 
^  'C  ■ZS  '^         O  O  Oi  , 


03 


O   c3 


8  ^  ;H  'S       :r  '-■■^  w  o 

o2S£     5^<WJ 


::=  c3  o 


■3  03  c3  .2      .S  .2 .2  o      -g  ^ 


■S& 


80 


O  fO -— I  00    -^  CO  O  Ol   -^  CO  O  t^    O  CO  CO  CO 
TT  00  t^ -— (    00  r- CO  05    O  "^  c^ -^    lO  o  cs  oo 


3  Oi  r^  .— I       t-^  i-(  TP 


tOOOWCO         i-h  -^  CC  ^ 

wrToTco'^co'     o^'ioc^ 


-.  ---  OOCOOO         u^tDi— (.— I         ■— (OSTt^iO 

OS  IM  Tt*  .— I        C^  r^  O  <M        00  lO  CO  00        O  Oi  CO  to        OJ  t-- »o  o 
.  —  _._  „—  C^C^COCD         COCSl^OO         COtCCOi-H 


(M  1-t 


CO^lM^  lOt^COO  rf- CD  CO  lO  »0  Ol  "<*^  ■*  00  ^ -^ -^  00  N  lO 

CO  .— I ,— (  CO  o  "Tf*  CO  c^i  00  05  00  CO  uo  »o  o  CO  *<f' r-- <N  M  i>-Ooo 

<N  CO  ^  lo  o:  t^  Tj<  c^  cococot-^  00  CO  00  o  CO  CO  CO  ^  coo 

laoi^co  cDi-Tuoco"  coc4"o~ 


J  i-H  00        c:  O  OON 


lO  O  CO  CO 
CO  CO  ^  c- 


CO  CO  I— I  CO         CO  CO 


»0  O  05  lO         Ol  CO  CO  CO         M  CO  OS  OS         ■^  "^  OS  CO         o  t^ -^ 


OsCOCSt-i         CS  C^ 


I  OS  t^  Tf         CO  O  CO  <0        ■^  CO  c^ 


HCOOOCO         OS  (M  C<1  (M         iM  <N  CD  1-H 

cDcDt-co        '^O'^O        lO^COCO       0"*0"*        -rfrr.  Cioo 


1— I  to  1— «  Ol  OOCOOO 

cDcDt-co  -^  O '^  O 

00  »o  tp -"T  oor^oo-^ 

co'od'co'co  cd"i>rco"cD 


C^   -.^JH    |>    ^ 


lO  CS  T-t  ■TP 


(Duor^iC  »0  O  <M  CO  O  CD  ^  O  ^  lO  ^  — '  CO  CO  lO  r^  O  (N  < 
C^OSQOiM  t^COCD— I  CCO'N'-H  COCOOOOS  OOSCDCO  TfCOi 
O  t-*  00  «:>        t-^  O  O  lO         ■^  t^  00  Tf         1— I  W  lO  CO        CD  to  CO  CD         .-»  lO  » 


"ROCOCO       i>-oo-<*^t^ 


»04or^.— I      lOoococ 
■^oooocs       >O00t^i 


00 1^  r^  CO      00  t^  "^  CO 


-  (M  ^  Tt^         CO  CM  CO  CO 


3  I--  lO  CO         ^  CO  »0  00 
'  lO  CO  CO         IM  -rf^  lO  CS 


OS  OS  OS  to       ,-1  CO  r-. ,-« 


co-^c^os      os-^oocs      M.-H,— to      co»oor-      .-hooc^os 
asi>cOTt<      ot^cO'  " "      •"      —  — 


CO  C^  tP  r^  CO  to  1:^  00  00  OS  i-H  CO  CM  CO -^  00  (M  CD  (M  O: 
i-H  CO  ^  .-I  lO  CO  to  t^  CD  CD  CO  OS  ^  ^  -*  O  CO  M  00  •-H 
O  C^  t^  to    CO  00  1^- tP       t^  to  O    OS  b- CO  O    CO  CS 'rp  O 


©  Ci  O  I 


tfmtgH     ht3>>    p:^^^    PW;5  I 


SI 


V 

0 

a 
>% 

cs 
it) 


CO  05  CO  :© 

•oco  c^-n 

00      1  Tf      1 

1     1  ^  r>. 

-H   rt   0>t~ 

CO 

CO  Tf  0 

CO  0 

las 

ic  t^  ooai 

oo'  CO  c4  o' 

^       1  uo       1 

i     1  ^*  or* 

10  co'  CO  ^ 

^'  -j  CO  CO 

r^  CO 

1  •o 

1~i 

CD 

1  CO 

1 

S 

o 

CO  o  ^  cc 

I^  CO  O  OS 

0        '03        i 

1        1  0  i-H 

0  ^  CD  UO 

00  t^  000 

.*  .-^ 

lo 

« 

lO  »o  00  t^ 

r^  05  ic  00 

00      1 .*      1 

.      f  CD  >o 

ooj  cooo 

IO  0  .<*■  0 

1  0 

'S  en 

CC  O  05  »o 

^^oco 

.<*<      1  00      ' 

.      ,  CD  >0 

T^  10  CO  IC 

00  o3 

.  t^ 

il'O 

-"-T  lo  o>  co~ 

o  •*"•-<"  cxT 

•0"    1  0'   ' 

1     1  c-f  of 

oo'^'oo'co" 

QO'oo'ofco'" 

co">o 

'0" 

■2§ 

CN  OD  'rj^  X) 

CO  t^  uo  -^ 

0      '  00      1 

.      1  CO  ic 

CO  CO  t^  00 

>ooo  « 

00  CO 

( t^ 

3 

fl^O  I^  -^ 

^co       t^ 

oq     . 

.      liO 

■*  -^  Oi  ^ 

t^rt 

iOO 

T3 

^ 

^ 

C^  O  ^  CO 

r^  lo  o  05 

00     ! 0:     1 

1     I  0  t^ 

0  -H  coo 

0  t^  00  0 

.^  .* 

io 

CO  lO  "^  t^ 

r^  CO  o  oo 

00         '  Tt*         1 

i      ICO  -* 

0  CM  CO  t^ 

10 

a 

o 

-^  o  to  »o 

^c^Sito 

(     ,  coo: 

»0  *0  CD  01 

00^ 

1 1^ 

6 

o 

co'io  co*^co 

O  O  CS  00 

0"    1 0"    1 

1    1  of  of 

00' ^'00  CD" 

^"oooi".^' 

cd"o 

'0" 

o 
O 

■*  O  COQO 

CO  ^  o  ■* 

CO      iQO      1 

1      1  CO  •o 

CD  CO  t^  CO 

^  0  0  CO 

00  CO 

1  r^ 

c3 

««-OOTt< 

«00rt  i-~ 

.^      .             . 

1    .  10 

Tf<  Tf  <N  CO 

^  t^  ^ 

r-^   t^ 

iQO 

O 

i-Ti-T  co' 

»-h'              ^ 

I     1  i-T 

c4^ 

e- 

1  Tt^  -^  t^ 

cooo     lo 

rt     i  cno 

1         1  Tf         1 

CO      i  Oi  1^ 

01 

•0 

CD 

Ico 

a- 

1  oco-I 

O  00     1  o' 

ai     i  05id 

1       1(3      ! 

1  ^'06 

.<*'' 

c4 

1! 

1  z^ 

1  CO         ^ 

^  C4      1  -:P 

1      .— 1 

1      1  UO      1 

»o 

t   T— 1 

1 

s 

((MOO 

oco    !  c» 

.      1  00      . 

0     '00 

1       1  CD      1 

0    loo 

t^ 

01 

1  -a-  "OO 

o  o    1  ai 

.     1  r^     1 

CS      1  »o  0 

.      1  Ol      1 

0    1  0  — ■ 

0 

CO 

^ 

■a  3 

(  tT  O  O 

O  CS      1  "O 

.      |0      1 

00      1  OiO 

1    , 0    1 

0    1  0  t^ 

t^ 

0 

CO 

t    0 

3 

1  o"co  o' 

Tf  lO"      1  O' 

1      1  00      1 

Tj"'      '  -HtC 

1      lio"     ' 

^^    1  0'  -T 

05 

•0' 

of 

1   .^" 

^ 

1  COI^S 

coo      ■  (N 

■-H         i   ^0 

1     1  ^     1 

^         1  TtH   ^ 

^ 

^ 

,S     fe 

O  CO      1  00 

-^      ICOO 

1    1 10    1 

CO     1  .*  »o 

02 

CO 

6 

1  T-T      c^ 

T-H                1  .-h" 

i    'o)\ 

'^' 

8 
"2 

i€« 

~ 

1  c^  o  o 

O  00      1 Ol 

1       1  CD      i 

0    i  00 

1      i  CD      i 

0    loo 

t^ 

^ 

1  0 

(  -^  o  o 

O  t~     lO: 

1  CO      1 

^       lOO 

0      1  0  OS 

0 

1  0 

t— ^ 

8 

irr^o 

002      1  "O 

CD      1^0 

1     1  10     1 

0      '  OOi 

t^ 

..^ 

.* 

'  0 

1  ^'cc'O 

TjTo      1  O 

1     1  co"     1 

r^    ( co'r^ 

1    !  10    ' 

^    '•  0"  o' 

02" 

0' 

tc 

^' 

1  CO  »o  »o 

CO  CO      1  CM 

CS      .  OJ  0 

CM 

CM 

"^ 

,a:-Hcc 

o  r^     1  00 

C-)      (  CD  >0 

.    .  10 

S    !  -:}■  0 

0 

l— * 

'  CO 

-T       (m' 

^         1  i-T 

1    i  of    1 

1      i-T 

.^ 

■*oot^o 

1      I  lOOO 

1  CD^  'S- 

\^    \ox 

i-c      1  00      1 

.*    1 00 1^ 

0 

CO      1 

O; 

ooc4oc5aJ 

1     ,  i6'rr 

\    '    '  oi 

1  (-H        1  T-H 

i-H        1  CO        ' 

^      Itt'cD 

r^ 

t-^      1 

1                1  1—i 

1  CO      ■ 

IrH 

S 

r^ 

■g 

o  o  »o  o 

'     1  ^o 

ico  coco 

1  CO     •  0 

0    i  0    i 

0    loo 

"^ 

0      i 

S  o.-^  o 

1      1  CO  O' 

.  r^co  05 

0     '  0     1 

3  ^i 

"ce  « 

r-^   O   -^  't^ 

I       iTPiO 

.^■00 

(  0        i  0 

>o     1  0     1 

0      1  O'O 

0 

CO        1 

^^ 

tC^'o  ai 

1     I  oq  oo" 

1  Tj^'          ^* 

'  oi     1  0' 

Co'      •  QC"      i 

0      1  co'  — ■ 

iC 

»-r  1 

OCOCO  "O 

irt       .CO 

-^       1  CO       1 

t^   1 

3  -^ 

o  3 

^/^•-^  r-^'T 

1     1  oi'^ 

1  ""* 

1         1  "^ 

CO      1  t^      . 

o)     1 1^  01 

.2  '"'" 
o  o 

P^- 

"^ 

?  ^ 

^ 

o  o  o  o 

1      '  00  o 

OCC  CO 

1  CO     i  0 

0    i  0    i 

0    loo 

0 

0   1 

m 

1      1  CO  o 

It-    10 

0      iO       1 

0     1  c  0 

0   ■ 

c^ 

p 

CO  o  6o^ 

1      1  00  lO 

'0-^0 

i  0       lO 

■0    1 0    1 

0    1 00 

Ol 

Tt*         1 

o 

^'  i-T  c^'  ai^ 

1      1  **00 

t>r^--j-' 

1  of    1  0" 

r/S      ''  c/>       '1 

0'      1  co'  co" 

cd" 

co"    1 

—  CO  r^  A 

,     ,  o  — . 

irt        1  CO 

Tf       'CD       1 

t^      1^  00 

^    ■ 

C3 

^^  c-)-* 

.      1  «cO 

O) 

CO      1  t^      1 

o 

^ 

^ 

t^  O  t^  Oi 

t^  lo     1  rt* 

Tf         1         1         1 

1  lOCO      i 

1  0  IM  00 

CO      1  10      1 

0;  CM      1 

coo 

^ 

t^  CO  «)■  00 

>o  rt"     1  oi 

CO    i    !    i 

1  .-h'cO      1 

1  co'iO  of 

10      1  00      1 

w  oi    1 

oi^' 

w  .-t  CO 

C^  ^       1  CO 

o 
3 

§ 

3  ^ 

oocno 

o  o    io 

0    1    1    1 

IcD  0      1 

1    01    0    T-< 

0    1 0    1 

00    '• 

0 

0  0 

o  oco  o 

O  O      '  o 

1  Tf  0      1 

jCOOOO 

00    1 

0 

"^  w 

oocoo 

OO     -o 

CS      1      1      1 

1  COO      1 

0     1  0     1 

00    1 

0 

oj  0 

-^  n 

-23 

O'lO'-*  o' 

iCo"    1  r-T 

10"    1     1     1 

1  O-UO      1 

1  fy^^^ 

0"    lo"    1 

co'ira     1 

0" 

^2"?° 

oC3 

■^  t^  I^O 

OO  t^        1  Tt* 

OIM  'I* 

CO      lO      1 

»OCO      1 

t^ 

="5  tr 

«=>4oco  r~ 

CO  ^        1  '* 

'-'    1    1    ; 

1  "co     1 

-  CO  ^ 

■»<    1 1^    1 

0.-H       1 

CO 

00 

"  3 

fn^ 

c< 

of        1  im" 

1      i-T 

of        1 

".03 

tS^j 

■s 

o  o  oc  o 

1  CO  0>      1 

1  05  0  ^ 

0    1 0    1 

00    ! 

0 

00 

o  o  r^  o 

1   TflM         1 

icoooq 

0      lO      . 

0 

SS 

o 

00(N0 

O  O      lO 

-rt*       1       1       ( 

f  CO  "O      1 

1^00 

0      iO      ' 

00    i 

0 

t^o 

be 

o 

o"to  oTo' 

t^o'    t  r-^ 

0     1     1     1 

o'co     1 

■  00*"  co'  of 

0'    1 0"    ' 

co'io"    1 

0" 

o'oo 

p 

as  r^  tp  o 

00  lO      <  ^ 

CO      "      1       1 

irt  00      1 

lO  CMUO 

CO      i  0      1 

•oco    . 

t^ 

t^  r- 

c3 

€»iO00  t^ 

CO  CO      1  ^ 

OJ       1      1      1 

^    1 1^    1 

0^     1 

^  00 

Ph 

o 

c^" 

of        '•  of 

1     '^ 

of        1 

> 

_-*^ 

'  a*     '     1 

p 

1      1     1     1 

I.i3    l  '^ 

'.  <s 

b- 

•^  ;.3 

2-S 

3o 

0 

c3  ? 

Q  1 

^  c 

°l 

c 

6  2  «  E 

(^  o  S  O 

d    i    1    i 

oEo2 

.S3        § 

J      1      !  C3 

S    '  3*e 

g     '  tao  S 

•a  3S  3 
3 -3  .a  .6 

.a.sg| 

>  ^  St: 

^  OJ  ^  0 

:2;:2:z2; 

c; 
E 
c 
X 

c 

1 
C 

> 

> 

1 

3 

0 

ii 

HI3 

82 


^  CO 

-To" 

lO  CO 


ooo 
oo  o 
ooo 


-*  oo 
■*  oo 

r-H  oo 

aacfao 

Tj<    iO   O 


CO  o 

©  " 


83 


Table  17. — Mileage  of  the  National  forest  highway  system,  by  forest  road  class 
and  by  State,  as  of  June  30,  1957 


Region  and  State  or  Territory 


Western  Region: 

Arizona 

California 

Colorado 

Idaho 

Montana 

Nevada 

New  Mexico 

Oregon 

South  Dakota___ 

Utah 

Washington 

Wyoming 

Alaska 

Total 

Eastern  Region: 

Alabama 

Arkansas 

Florida 

Georgia 

Illinois 

Indiana 

Iowa 

Kentucky 

Louisiana 

Maine 

Michigan 

Minnesota 

Mississippi 

Missouri 

Nebraska 

New  Hampshu-e 

North  Carolina. 
Ohio 

Oklahoma  

Pennsylvania,.. 

South  Carolina  . 

Tennessee 

Texas 

Vermont 

Virginia 

West  Virginia  _. 

Wisconsin 

Puerto  Rico 

Total 

Grand  total. 


Total 


Miles 
1, 033.  7 
2.  459.  5 
1,493.7 
1,216.6 

1, 193.  7 
312.6 
6.55.  6 

1,416.2 

302.0 
747.8 
732.0 
477.0 
393.4 


367.8 
633.3 
287.9 
364.1 

301.8 
101.2 
20.0 
352.9 

398.2 

14.0 

1, 169.  5 

718.1 

538.0 
998.9 
23.5 
166.0 

840.3 

133.6 

46.2 

353.9 

777.  5 
566.  5 
332.0 
119.1 

1,371.8 

484.1 

469.1 

44.6 


11,993.9 


24,  427.  7 


Class  1  1 


Miles 
328.2 
675.3 
577.0 
643.4 

685.8 
155.0 
131.0 

684.  7 

189.0 
222.0 
389.0 
349.0 
166.3 


5, 195.  7 


84.1 
96.7 
32.9 
153.4 

241.3 
53.6 
11.3 

131.1 

.54.1 


585.8 
312.9 


266.6 
385.9 


61.9 

367.  4 
70.4 
29.6 

118  4 

237.9 
165.1 
128.3 
32.7 

374.2 

78.4 
75.7 


9, 345.  4 


Class  2  - 


Miles 
534.9 
414.2 

525.7 
257.0 

208.4 
130.5 
417.9 
461.8 

101.0 
230.  8 
107.5 
109.0 
192.2 


3,  690. 9 


229.0 
536.6 
194.4 
148.2 

41.4 

47.6 

8.3 

216.8 

167.5 


529.6 
323.2 

260.1 
541.8 
23.0 
39.6 

411.6 
43.1 
16.6 
85.9 

424.9 
341.2 

187.2 
61.9 

886.6 

364.7 

352.4 

44.6 


6,  527.  8 


10,  218.  7 


Class  3  3 


Miles 

170.6 

1, 370. 0 

391.0 

316.2 

299.5 
27.1 
106.7 
269.7 

12.0 

295.0 

235.5 

19.0 

34.9 


3,  547. 2 


60.6 
62.5 


.4 
5.0 

176.6 
14.0 
.54.1 
82.0 

11.3 

71.2 

.5 

64.5 

61.3 
20.1 


149.6 

114.7 
60.2 
16.5 
24.5 

111.0 
41.0 
41.0 


4, 863.  6 


'  Forest  roads  which  are  on  the  Federal-aid  primary  system. 

2  Forest  roads  which  are  on  the  Federal-aid  secondary  system. 

3  Other  forest  highways. 
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Table  18. — Mileage  of  highways  in  National  parks,  monuments,  and  parkways 
constructed  by  the  Bureavi  of  Public  Roads  during  the  fiscal  year 


Park,  monument,  or  parkway  (and  State) 


Under  con- 
struction as  of 
June  30,  1957 


Completed 

during  fiscal 

year 


Miles 


Acadia  (Maine) 

Badlands  (S.  Dak.) 

Blue  Ridge  (Va.-N.  C.)- 

Colonial  Park  (Va.) 

Colonial  Parkway  (Va.)- 


E verglades  (Fla.) 

George  Washington  Memorial  (Va.)- 

Grand  Canyon  (Ariz.) 

Grand  Teton  (Wyo.) 

Great  Smoky  Mountains  (N.  C.) 


Hawaii  National  Park  (Hawaii) 

Mesa  Verde  (Colo.) 

Mount  Rainier  (Wash.) 

Natchez  Trace  (Ala.-Miss.-Tenn.) . 
Olympic  (Wash.) 


12.4 
17.5 
37.3 
8.4 
11.9 

17.0 

5.6 

24.7 

22.7 


3.0 
18.6 
33.8 

7.0 


Sequoia-Kings  Canyon  (Calif.). 

Shenandoah  (Va.) 

Wind  Cave  (S.  Dak.) 

Yellowstone  (Wyo.) 

Yosemite  (Calif.) 


Total  _ 


Miles 


6.6 


13.8 
5.0 
11.0 


5.3 

2.4 

.3 

6.0 

33.1 

.2 

.1 

29.2 

5.5 


1.2 
137.9 


Table   19. — Mileage  of  approach  roads  to  National  parks,   monuments,  and 
parkways  constructed  by  the  Bureau  of  Public  Roads  during  the  fiscal  year 


Park,  monument,  or  parkway  (and  State) 


Under  con- 
struction as  of 
June  30,  1957 


Completed 

during  fiscal 

year 


Miles 


Grand  Canyon  (Ariz.) 

Sequoia-Kings  Canyon  (Calif.). 
Walnut  Canyon  (Ariz.) 


13.1 
2.0 


Miles 


Total - 


3.1 
3.1 
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